12 United States Patent

Hirsch et al.

US010852028B2

(10) Patent No.: US 10,852,028 B2

(54) HEAT EXCHANGER BLOCK AND HEAT
RECOVERY VENTILATION UNIT
COMPRISING IT

(71) Applicant: ZEHNDER GROUP
INTERNATIONAL AG, Granichen
(CH)

(72) Inventors: Christian Hirsch, Eibenstock (DE);
Arie Veldhuijzen, Genemwden (NL);
Martijn Haddeman, Heerde (NL)

(73) Assignee: Zehnder Group International AG,
Granichen (CH)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 71 days.

(21)  Appl. No.: 15/544,819

(22) PCT Filed: Jan. 20, 2016

(86) PCT No.: PCT/IB2016/000034
§ 371 (c)(1),
(2) Date: Jul. 19, 2017

(87) PCT Pub. No.: WO02016/162738
PCT Pub. Date: Oct. 13, 2016

(65) Prior Publication Data
US 2018/0010820 Al Jan. 11, 2018

(30) Foreign Application Priority Data
Jan. 26, 2015 (EP) i 15000150
(51) Int. CL
F24F 12/00 (2006.01)
F28F 13/06 (2006.01)
(Continued)

45) Date of Patent: Dec. 1, 2020
(52) U.S. CL
CPC .............. F24F 12/006 (2013.01); F28D 9/00
(2013.01); F28D 9/0037 (2013.01);
(Continued)
(38) Field of Classification Search
CPC .......... F24F 12/006; F24F 13/24; F24F 13/06;

F24F 13/08; F28D 9/00; F28D 9/0037;
F28D 9/0068; F28F 13/06; F28F 13/08

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,512,392 A * 4/1985 van Ee .................. F24F 12/001
165/166
4,512,393 A * 4/1985 Maendel .............. AOIK 1/0076
165/54

(Continued)

FOREIGN PATENT DOCUMENTS

DE 102012017938 Al * 3/2014 ............ F24F 5/0071
EP 1134510 Al 9/2001
(Continued)

Primary Examiner — Devon Russell

(74) Attorney, Agent, or Firm — Maxwell L. Minch;
Maxwell L. Minch, Esq.

(57) ABSTRACT

The mnvention relates to a heat exchanger block 2 and to a
heat recovery ventilation unit 1 comprising such a heat
exchanger block. In the heat exchanger block 2, the 1ndi-
vidual flow cross-section (Q1) of flow passages of said
plurality of first air flow passages (AFP1) in said parallel
flow region (PF) and the individual flow cross-section ((Q2)
of flow passages of said plurality of second air flow passages
(AFP2) 1n said parallel flow region (PF) gradually, prefer-
ably linearly, decrease along a straight line (x-x) perpen-
dicular to the parallel air flow passages (AFP1 and AFP2)
and from said first wall (W1) to said second wall (W2) of the
block.

18 Claims, 9 Drawing Sheets

- 022

E21

. il
. . - T TR . - . - R XTI . . - - .
rarers . AR B ey s et B coar -\.-\.-a-'-a-a-ni.-amﬂw.. e . . -l ERY -1
-
rormr]

e L R SHEEES




US 10,852,028 B2

Page 2

(51) Int. CL 6,250,373 Bl * 6/2001 Vecchi ....ccoocen....... F24F 1/0007
F28F 13/08 (2006.01) | 165/53
F28D 9/00 (2006.01) 6,401,802 B2* 6/2002 Cottingham .......... F24F 12/006
B 165/54
F281 13/14 (2006.01) 10,132,522 B2* 11/2018 Erb ......cooovvviiiiinnl, B21D 53/02
(52) U.S. CL 2006/0260790 Al1* 11/2006 Theno ................... F24F 12/006
CPC .......... F28D 9/0068 (2013.01); F28F 13/06 165/166
(2013.01); F28F 13/08 (2013.01); F28D 2009/0314480 Al* 12/2009 Grinbergs .............. F24F 3/1411
’ %0 165/174

9/0031 (2013.01); F28D 9/0062 (2013.01); 5 N
F28F 13/14 (2013.01):; F28F 2210/08 2011/0277970 Al1* 11/2011 Tsujr ..ooooeveeiiinnnn.l, F24F1é§§?g?
(2013.01); F28F 2215/04 (2013.01); F28F 2015/0338122 AL* 11/2015 Byne ocoovevevvevrereen.. F24F 13/12
2250/108 (2013.01); Y02B 30/563 (2013.01) 165/54

(56) References Cited
U.S. PATENT DOCUMENTS

4,799,539 A * 1/1989 Atkin .................... F24F 12/001

165/54

FOREIGN PATENT DOCUMENTS

EP 2767777 Al 8/2014
FR 2313651 12/1976
FR 3000189 Al 6/2014

* cited by examiner



U.S. Patent Dec. 1, 2020 Sheet 1 of 9 US 10,852,028 B2

[ .1----:.-:-:I. LT P ..1‘;'-1 . .-.--..-:-.-1 :::l:::: l.... | .'..l | - . .':
""""" R Dt e AR Sk
| ! n v o . . . 2 .1_;l_:'l-l*\.:.:'.l‘lilli‘l.'l-.l l-'l.'l-'l..'l-'l-'l :h:h llllllllllll L .l..l..l..ll.l: llllllll ! .I..l.‘l_.'l.-'l..'l.'l..'l:-h-h:.i:"h:.'h‘h.‘l:‘l:‘l:.'l‘l..'l.l o .. o
L -'.'-"H.'l..'l. "t .'q_ ‘N.. T b -.,;. e — m e e e '\q'n-.'l lllllllllllllllllllllllllllllllllllllllll . .'l_"'l.'l_.q_.l_-l_.' lllllllllll . .'l-'l.'l-'l"'l_.' ------ ) -.'-.'q_.-_.-_.'-_.'q_.q_.'q_ .. . - L -\.: - .
- - Ay e MO M e iy . WA AR, e % o
L q'..'q_ I..l"l.:'I.. IR.'..'I.. n s E N = n Ql.'ll.ll " ""h.‘-l‘l. .
et e " X l_.'l_.l_.l_ llllllllllll ", " e e e M L :"-"- ...'l l.'l-l.':..'lil.l.'l-l.l "q_:‘l . " ot A ' . . . . LT 't;.:"""-.‘-,

O N l..'l..'l..'l.-'l. " ", [ 'I-.+l+“\l."|l'.'!.‘:'.:‘l-\q:'q:':‘1:q_x s .I.l.'llilil:.'I‘I.IlilllIl'l.i.l.'l.l . .'l_‘““ \ L W E L L L | . T o ! "l_"'\- 11‘\-*&-‘«-‘- "
llllllllllllllllll I l.'l.'q_.' - n 'l+ Ty . » £ "-i"'l."'l "'l."'l"."."'l."lq.: e II'||:'||:'|.. + :“-“T‘.‘. - - .'l. L L . L ‘I‘*-*"-"‘--"- e o :
- - . L1 h b B d e+ w ¥ "I‘IE ‘h"‘l"l‘!%hﬁl .'. W, L ', . - . - *:_._ “‘:‘I_‘__

) - o |

]
lllllllllll [ ] L]
++++++++++
rrrrrrrrr u

RN

H A
PR NN
e ',":' "
T \ X
RRETR N :

. n L L. T .

[ ]
L |
" +
1 L |
. W
4 - -
[
L ] +
4 - 1

S
AR AN

-~ & 1 -
.....
LI

R

Yy
V0

FiG. 1

'
AN |, |, L .
- N L 5
]

. - T LA A N .-'ll
. . = & B N NN NN N LY (N .
------------ O W Y L B T W .. .
llllllll (e Wl Ll B W T A A L .o

lllllllllll L . . -
L . m_ =
L}

|| [

..:1.. . . -'-'_ _.'I_.'I.'l LI ] 'I_lll'l:'l_'l_'.'..'...' .'q_ i h "
B IR

llllllllllllllllllllllllllllll

L q'. llllllllllllllllllll . " B B B E N N -
mE NN NN NN EWE mE " N &k E kK kN ENNTYTHEENEEELELEEENEER .
-------------------------------------

llllllllllllllllllllllllllllllll

[
1 L T
-

"

3 . .=
- T [
] L] .
u o m o . +
L] ok -
1 LN | T
+ 1 ]
L] L]
L ] L]
F +
'
L
'



U.S. Patent Dec. 1, 2020 Sheet 2 of 9 US 10,852,028 B2

|||||||||||||||||||||||||||||||

"- -‘-‘-:"-:q'-:.'- -_.'-:.'l::l..'l."l:q'l:.'l

.'.':'l.'l:.'::.::..'l_.'l ‘' EEEE

' R

EE e s s EEE .‘0._"0._

o e T

LN

r
T T+

LR LI

A EEREEL RN

= I =

B A F FF AR NN

IR RN -

+ L N T L

L L m ko h * + hok ¥

- + BT LI T
+ 4 LI LI NN [ ] A+

oL SONL N L L -

+ "%+ 4K EEWANE L]

IR EELERLERAER L ER NS r r +
".'.-il-1-rl-|--r+1-+l|--r-|.-l.-a-i -

By 1 - mT W omT l_. = = h & LI

I..'li'|'ii| LI ] B r % % LI N ] -

- r v ¥+ r 4 o v+ 4k od +i‘ I‘i i‘.i+IiII+| -
Ll

3 {“}3 g

rrrrrrrrrrrrrr

RO
...-i‘i-i-‘-.-.-l‘ ".-:‘... -‘ﬁ..l L] 'r. +“ LY l‘
R

B Bk oh kAN

R

-
+ F

HE %"k + 4
BB % E 4
LI I LR

d d dd &

L | EEE 4% 4N
H %" EY KRN
L | H %" % % B F &

. : o A T ‘\b'::':v
ST
R
B SRR,
N L
R o)
A o
AR T
Ef‘l\k:: any
EE:"\'. ..'_ . o
.%E‘ . -
N ) SRR
'.\.'.Q: i
ROt A
G =

e e "l O] .‘ ‘t\\ 'l. o . \ ) ._...‘l_..l_ L} .
R

L]
LB N N NN L 5
.'-_.'. L l.l.l...l.l.l.l.l.l..'l.l.l.l.
LAy Y

, W
! wn . , !
WL e LAY 0
o l.:_'l.:':'l. b . iy "l.:l.:l.:l.::.:l.::.'-':."'l.:l.:'l.:l.::l..:l._'l._l._' Nl
n ":\:'q. Ll \llllll.'ﬂ..'l.l'lll..:l"...: 'm,

L L1 LN N NN N » -
R

L LAY

i, 3
LdeE
B e RO e
" e N T T At R T i e e i T Ty B "ty Ty *uty et T T e M e R
B e e e R R

R e

] L | L1 n

y oA R E n Ry g nN R l.._l,.l,:i"i,:l:i\ . ml I..II.'I"I L .‘:.
A A N T
R Ty L L L, S ey i N b, T R
RS x:{_xi{“;‘: e A "
T e t‘}:"-;_?n -

R ey
S b L o
'-."'Il."'ll."':.'q'll. ::q'!. .‘\:.‘\.‘q\‘- o7 o ! q.'-"‘?"*' .

X :. LR .'!..'!.'\\"\ l“ . . ;{1:‘;‘?;. -_'. . o .
"l :q_.' ..H. ...I x.. T . B "}“%‘h‘ . .

i
o,
o
7’
el
o’
e
'..f
+ [ )
e
o
7
o
.-':a-
e,
r g 5 f':
2ol
0
s
o
il
o~
o

e
e

L B A )
-

|

,r
) EF
"
:-"4'
;,ﬁ-'
N
LK ) .’-'
i
-
o
i
‘;’
s
oty
L
o
.':'i:-
als
i
57
B
T
Ay
T
L
w l':! -
e
l'f )
ar
v :;,.._
L
- J "-
S
ol
7
ey

\ .':.-.1'..:‘.::::'.:.:.:-2‘.':‘:‘| [ ] LI WY ‘ ‘. ‘. LY . ; -l.'l.I|I - 1
' Ll L] . L . W -k i 'm R L K] [ - - -
A AL = = \\\ R PR
l.:'I Iy "\i:h X ‘:'I‘E‘\‘::.'h i:'- 'q.'l;I 'l.‘lq q,.;h ] :‘| ‘:{-‘:1‘1‘121.:‘:-‘-'.I".‘:‘:q:i:i_‘l.l [ ] '-i.-l:h:'l.:'l" ‘_.. {1:1:%111 1:'l_:l_.'l_ 'l_l . L § +-I.:.I n q'. q‘q:‘.“ -l: |: ."1 v
A e . \ MR,
T e A S L e s et S e b . e )
!:l- L ':'.I- ..'- Il"l I"-.'l- u 'y .'l. ] 1 izll,:'l:n:'i"'-."ll. l'.‘i"'l\'h '1:‘+h‘l,:i"ll 1|..Il:l|:'l:'ll"l|- k| ‘Il,:'-"h il.-'- l.:'l.:'l-;'ll l'l|."'l||. . m_ L L -
i Nt -
. ey iy .:'I "'q.‘hl\.'h_ﬂ.hih.q LAY, lh'h.ll,..:h hkh.q.qln‘q.:hﬂh.ln;:q.il. LI ,h‘u- .:il PN Ny ata
e A T A R T
- R N L W 'l.":- A s .'l,:"l:l- h‘l:.'h o 'q.}:l. Sy b ‘-:q,:-"h q,.:,-n._q:-"- ey "-.,:h‘l- '.'l\‘:-q:'q_:'-_ ot e
e L T e e L
AN R A e e e l.{ LML N N ..-;:._- e l\l..':..\ o R A NN l.i_'l..'\‘l.__ - . LU LNy
T A B
q.:lt--'. l_.}l_‘:.!:‘hl"lii:'l. -'l.l.:.:h':'.}::':-:h{h‘.{\:h l"\_ ‘:.':H'_h':_" .q,:'ll:'l_-_ .:.':‘:_'.:_'.1:1:1.:‘:‘:“:. .ll:'h.'h-:'.::q:l,:l::. L .'q_.'q_ q_.'q_.'q_-'q_.'q_.'l_.' "
- \: R A R L L .'l.‘! 0’ q.‘ lq-ln,:'l.' N e g L T N el , .. e
q,.l\ \‘l‘\"ﬁ_‘\"‘h ,:I."-"h I;'l l,:'l 1‘1.‘- e EY L] .'l B t,:‘l '\l.'h 1] q.‘[ "h*ll:'l'\ii L I ‘I,.q:"l"l k| L \Q L q.q:‘l\ W, W N .'q_.' l‘
B e A e A T A e A LTl e
A m q.:l. I} A 'w:-,:q:'n:“l'\‘i‘:.h-'h !.‘1._"\-:'-"- ‘h'll.'n..lu‘i:!‘I"-"'i. '-..Il."ll."l-.:h.‘ll‘ q:'\:-"-"ll L] q:' o Sy "'I..'Il."'ll,:'ll..'l-' .'l..':.'q'!..' LN ] .
l..l,:l:'h,:"\ Ly 1:-‘ ~ {\.:ll.:h:'h. X b ) 'l,:i:i‘ L L R T LI "l‘ I, P s
q.\:_'- . L] ..'q. :"- LN W l.hl q:'ln:'l.:l.:' 'Il,:i-\"i,_l-'ll n ::'1:1,:-..\\% L] "::-."-"-"lr LI {""‘l‘"i‘-l.ﬁ:ﬁ:‘.l ] :‘!. e !."'!."q."!."q."l,:l..'q..'ll.li..'ll..'ll. L
iy A s b e i A e s e e e s T
R T e T e £
.."'-"'"q,-"'"'-"u T "‘"‘.,':""\.:""I-. By e e e e e e e e T ""-_"-q‘l-'-g'- St B Y R S s
l!.'h "-:h n .'q‘x'\:H:H'.‘h!‘b‘\:l ‘h"i"ﬂ.qiq:\- “!.:h .:%““.'.:-.'.H“ L] .'h| ‘l""h.'._ ‘l.:'h o m 4 om ‘\r:. L] A v =
" m hw n L] L L] hmy ] L L 1 L% ) ‘h'q_ ‘h l~l \_11-_ L B & - .l-q.-.i'-.-.-
e R N o L N . L
e ‘:‘}‘;“ﬂ"-‘:.:‘:"*.q.,_\x}“':ﬁ"}ﬂ:xx\:::x:‘;?.:::{.:.};..':‘._*.‘x:x:.}}é:‘\x::'::ﬁ:l " A ST
R x .I‘ L Y \.H‘ n, . "'..""h L | "l.'I‘\ “x " :.l‘-l-.'-:
o Dkt R e e e
b n:;.t.-.. L4 h\.:.ﬁ .‘:_:H._.h. =t

7

LY

L
I.I‘
u

o

o

- .
o

- 3 L l.l.. ! g L ..
0 R
L & L L8
L} l..'l-‘ll L ..'l..'l.
R 5 w
e AR A e e s
e N - .
S X S
P Lo | L] I'."- ) P
. e B b Ptk n e
:l- l.:t:'ll 1._|:'l-_ Lt X L] '.l = 'l.:*:t::l.
'l: ..'l:l: - l :l:-ln:lnI|I - h ] I‘.l ‘q.'l:q"lil.q_ -i,._-l.'l : :'._:'I:i:-i:l:'l:i:'._:'l_.
'!.. ..'l.-l.. lll-.-l-.ll-luI|I ‘l l‘i..‘hll“'l .I‘ L] - .:l‘itl_.'-_.:
y ....q!..i } 1‘.‘!--1-.""1- .'ql .'-.'-'h-.-"l.. -.+‘-|.'-..'q_
L %1.:. L 1:|‘l-ltl"--xl.'|h‘h'-.'l-'l'|+-;.'-.'q‘ '-.-1--1:.'-.
: N D oo
¥ 'l"'h.lllI e h'l"l‘l‘h\-t- 1'l--lu ! L
' b

LB, I|II..l.q.llll.. lhl."l_.l,.l.r | WL |

. n .'-q_‘l 'q_ u L} l.'l:: u -l -"'h -l.'l::h!‘q.':_‘l_.' 'q\..l_-:.':‘i - .h‘-.q_-
.'. LY l-._-lllﬂ:'l_ i:""q.'h. o .

SRR

I... * I.l .h -'h [ ] 'lll-.‘.-.\.".l..'h-.'l.l- .'l."l-...: L]
B S e e S SR
] ..'q:-l‘! I.li'l‘l‘l“:.ll'l.I.'I.'l-‘I-%:‘...'IH.-i-'IH.xl\‘%'l...'lll-".'l.:-"‘l.- I'-'.':...I'm-l.I l.' "l..i.-\'l.'h-\l
. n q.-i R -i.'l..l.!--ll.'l.-l‘l..'i'l'l.n.\..lll.‘.l-l'.ul.ﬁ xq_"h_.'lll_ 'q_.'l.'l.'l_ l..".;: L . "l:l.ill.'q-q_.l..'l."l."-i "l
L l.l‘l- I.i.l_ I-l-l_.-"l.:'l.'lil_-hhl.l|_--|h'l.'h:q,.'l_-'._.'i‘l:'h.l_.'q ..:I\ .' :.h"ll.q_-h-l.'q‘q_:i_.q.‘_'l"l: 'l‘\l_
' - - .":_.ll_.'l'l.llli_-l"l.'l.‘l-l"l‘h..q,.l :.':hl:-.':lh'l.'::::.]":..'l'.l :: l:‘i"lh'll:::l.]"l_.'i::_‘l‘.:‘.\
..l.:l:!:l_:l:q:l.:q_:lh:l::l.‘:-‘..q\:l_ : Ik:l‘l:.:lh_-l‘ ; '\I_‘."I‘l. ll.'h" ‘1-_ ‘-nb::\
A -Zh.-:-:x-‘tﬁ-'."-:'-t:x-"’-:_-:-:-».'-:'+ oy ' ;
l-I‘I:I:I:I:I:‘I:‘I:‘lli'lh.'::: -l.'q'l. I-'l.' -.h:'l‘l.'l_+
-i:li-l-:-i:l:i:l:l . * | l_.l‘.h_-l.:'h::l.l-q..q_- -l
[ l..i.ll-i EL ‘l.‘..'-l..IlI.l-\I_-‘.-l
W W -I.l"l.'l"l.. .1.l "l - L
.-I.- l...tlh'lll.-q_ [.lq'i.'l“l.l. +I.'
. ':l.-!._l.l.i " LY
NI R
L +--|..l.l..- [ ] -l|+ p ] I-‘.‘l...-'l l‘l +.:I -l.'
NS R R SR o
b I ey o
-'..q'l."l..'l. ‘.\l.\:-l-‘-l.-lll +1I~'l.\ .-..'l\‘l +.'I-l :"
‘:..'q‘-l"l .'h....'l."_i‘li.l.-l L § + 'l.'l-...':-i.'l.'ﬂ.'- +.I-‘-i 1:‘
_-i.'l_-l-i ."I-'\‘iil.l:.l_‘h::':itlllikl_-..i.\"l +.'l:‘i 1_‘
:i:l_:i:! :q..l.:q..l.:+:l:'l:'n..-“+1'l.'-:n.‘l|:h:l..h‘l +.'l_:-|. -I:
L. " E LI B "l."l.'-l..'l..'ﬂ.'l. +.'I_-i-l
iy I'l."ll R q_‘."l.'..'- +-'l‘i l‘
o - - R e
: : oy ey e
L X 3 X L Y ] = N EE N Y u R L |
.\' it ‘q_ W e E ok W %W A koW " I|I"Ill.:lll:l':lll:Ill:ll:“':.':“':Illl.':l' - ‘:-:i:i:iii!il-i lii‘iii“:“: :..':..':“:‘:‘:‘:‘:-:::i:-‘ :
"-:__ R L I"h‘hh + i.it!il“ L R LY 'I"Iili'lllll.l Ii'illll'I‘I‘i-i‘!iliiiiilﬁii“ii i'..l.i“iii-iiiiiiii-iii- n
‘n - : . .I LIS M l‘!-‘l‘l I '\: v .l.ll-l._-l-- lll I\I.I'I"I‘I‘i_“‘l“i‘i-ii-ii i-'l.'lll-ii-iiiiiiiiii‘i‘ L
N o l.‘._-,‘h..-l \+|-|.I|-1.I"h,"q.. AR AT R EE TR NN IR EEEERE R
< B A N AR LR :
1I| ' .y * .IH.N‘_ -'I‘ " I'lu.lu.ul.lll' ) ",. .'I.i.lll.l.l“_‘iii.'ll.l.l.lll-l.'._.l.' " [
1|| "l.'li L] I‘lm'-.l "ﬂ_‘_‘.‘\: i-I+ o q“. L] 'l.l.liliiiI.l.l. LA l.l..l_:'l
] L8 L] ] li‘li L - LI L L L
N , l:.il_l.-l::. L q:'H LI | LI : : -'l-.l... ]

HiG. 4



US 10,852,028 B2

Sheet 3 of 9

Dec. 1, 2020

U.S. Patent

\\ S Y Y

7 v e

m \ , A £

. | | .__h_ “”. - EEEERERE .

lllllllll

PSS

N

- =

L
-

-

F
4
1
1
1
1
+

A -

AN

s

"t k¥ rrh o+ Frr B+

YRS ' - r
L F F F = % &F ¥ - .
o N " T

....-qu.m.. : ...rm” .....

o

l‘ .. "1 .-1 .1I.1 .1'. ‘- r d r a
PPt B B A

L]
[ ]
L

L]
* 4+ F ko h R+
+

+ + ¥+ +

l:q_

l..l.

o~
)

\

L ] " aar . ".l
i‘\ i l-..lll ‘ “l.l I - - e . ‘I .
L ] "ol ) I r - e l1|—_.-1.. e - .
\\ﬁ‘ \ . “ . l" lmu. ll“.-uiu.%.—. ||+ ..\lﬂh.nuq. . .|w.”.....+x1” ) “ll. . - -
| | o | LI lll1 L L i .I..I.-.I-‘..‘.in.in.i....l.u.i.t-.‘”f........ e e .-_r'.q
\\\ \._.l.-ll ] Ill‘ o, S D -_‘.11|.. ST ! -ﬁ. .lh&
k l!‘l‘\lﬂ‘.ﬁ—_ululnl" lh“l‘. ) IO “”.-..u 4 .l_..1...” "
-.l.-.-l.-.._.-.-lh..- .-l.__l.__.-.- ] ] ) 3 o L] - ll ._.....__--.__._..._ ll . - ' ! ..._. -_.i "
e e e e T o o R l-.lILI " -.1\1!1.!1 .11..1. Ii.l“ 11.11 11. ..-._.-l-l".-t-.___-___.l ...I-‘.-I r -l-'t. ..... .l...- eTeTTAT T o ' . - - - - ..\\-._ s
l"l“l“i“lnlui“.-“.-“.1“.-“.-“.1“.-“.-“.-““. l“l”“t\.lu.“”“““““““llllll“““”“””“““lll l“ lllllﬁ ll"i.“l"lihll ll““lli“\l“vﬂl .ll"."lllllll! H._.“...“.-“!“““u“.ﬂl........-. ._..-.-._.ll__..- 3 —_1 L —_.1|“II”—_”11.”1”1. ' | . NN NN r “.‘I "l“ | ! ; 1:.....1-.....-1.-. . .-Il_- . ..ﬁ.lq.. - -.l
e ..-l..- + P B B P LI I -..........l............ . . _..__r.........._.l....-.-l  Fr Fr = F = F r kF Frr =« I T I B | l‘--l l-.-_ l.- l.-.- . -.l.._l -.lI.-.-. e i . ..Ilq_-..-.u . " iy )
A D A AR A AACARAARAR AR AR AT s e TR
—_—_.”._..”-.“._.“._. St ”.-.” ” i||l+l“+“.‘1“|”|“iﬂihi”+1..” e T L T Tt ) 1-.”...”._.“!".-.- h " l.I.l ol l.ll.l“l“._.l.l“l“.l"”l“__. L T, . £ 1.1. T
REEBEY. Joaies N R AR ooy
’ —_”1 ‘11 ” “ “ ll"ll ll“l“.-“._.“l“.-“._.“.-“....”...”_.” ToTLLTLTL T - | ...... a_r._-..-“ll l..-.‘u.“l.“l“..-“.._.“”l.”l“l - . o .-
R SRR e R S
i DAL e S
LIIE I I I I I I R R e N r 4 8 F FEFHFE P Fr == == == rrorr P+ + P+ A AdNm a aa Fau o
B R N N N N N N N N N N N N N N N N M N N A L i l” lJ.I.I. . i “-"1“.-“.-“..__. ”...“__”—_”__”.”.”.”.”-”..u.”--‘”.”-”1”__h+”+|+”+|l“+“|”|l|| h‘l .l.“-“l-.l.uluiul.““-
| ) |||||"1”1”+”‘1|”—_”.“.”1.1. . ”u..u |“1”__..1..“1”__”—_” __.”...H...“...“.-“““l"!".ll.- “.-“”l“ll.-“.l“.lnlul" .
. __.l l-l-__.l“1”._. -..”1”|1...”......”..”.1 . “.“v”...”...”._.”._.“._.“...“.-“._.-iull-“l.- a “.-.\__."1"-".-“.1"-"
I1 o M e e e e N L _....-..-ll l-“luln.li_._".-_- "l"-
e e -~ " N e e e e [] - -I-.--l.-."l.__-.-.- .-l.
- 8 F F F A A AN r JK L w l‘.l.lll.l!....-ll.!..-l a4 F EF P FEF SN k ErEENaFsun
LR E N I St A R R N - ol . LA IR
e Lo O R
......... ] [y ¢+ 0 a SO N R ] HE N AN AN o+ F A . . L I ] a
................... - . L e l___._-..--lll A A - AR et .-l..i.-.I.-
N R e T R
’ s R

“« B B B %
B %" %" R
L L I B B
4 h b 4+
4 + 4 4 %
4 4 A% 4
- h 4
+* 4 & BN
" % 4 + T N
o b &N ER

e+ % % %4
4« & 4« B B Bk EE Y EAER

LN
L AR EEEEN
+ ¢ h W W R
4 4 B E W R Y

L
L1

4 & + % + 4 %" B &
B % & + &% + 4 + ks &
+ + 4 + + B B B &

i

W

L Y
LI ]
L Y
L8
]

W RN A
LK

%
+

]
]
]
L

.
o
-
u
L)
-

u
n,
m
-
L]
-
]
u
*

L L
l._. .l__.l.-._.ll o

R EEEEEEE L E LN
+*+ v v + 4 4 4 & 4 %% %8 A+ F
'

T rrrrrrrrr T+ Fo+on

e

ey
.I [ M W 1
ll
i
BN
-

<

L1

.:-': : ]
ety
oo
Rt
AN

) ol l” .-.UI..- |.||l1!!.l lll- L "
5....‘..‘.‘.“ - l.-.-.-..-.-.._ a ey " ! o
L o .-__.l.._ u . IIIII o lltl.-ll ll ll.!.-l -_l.__ . - .
et s A Sy o
77, I e i
. .ol = w | u i - 4 i - o " aE F N+ A ] . L] LR
_ 1..|.|‘|.l-._._-..-... A l-. IIII l-.l 3 o -l-. i lII 1 lll-l- ] - --ll‘ .I.i.-l....l!.-._-.- -.-...-......--.l-.!-.--.l. -l-.l. L Lo [ ] & ’
STt LT, - ” “““l.lllllll‘.”-“l.-h-.-ll”“l“-.-.““ ll-.““ll‘.l“ll“l\.ll ! Il--.-.-.._l-.-i h .-l\“”“-:ﬁ.-..-\x“-.-.-l--.l--.-.-.-._.-.-....-.”- l-...l_..ll.ll.ll.ll.l_-ll..-\l..l..__.l‘xm.ii.l T
ST . N\\l‘ l“t.““l“l“l“l.".l"l“l".l“l“lli.“““llll&%. ll“ . " l"..-”l“l“l“.-“.- lellllill. aate? “l“.!“.l".l””l"l”lll Fa SRR . .
e sl o
g \\Mmua\\m\\ .u\x..a\ﬂﬂx“v Py e
. 1- II. l-.l.-.-l-.-....-.-.-.-l.- F FEEA ‘.-._-l-l-ll-li
. . k‘\ ] lll 1.- ) o l‘llll o ln-.-n--l-n-.-l.-.-ln ] .....-.-.-l-l-.-l._.!l-.nnr.-. __..H“h
- - . i liliil!l\m\ l\\ lI. e r s ra ar s areman
. . L N et i Nt e e L L R M ¥ o l-l o . \. l”lli!nlll! l!\\&l\“! h“-.\“ o ll.-.-tilll.-.l-._..._lnln -..--.-_I.-.-......-.......-.-.- .
L i, T T e T L T T L e - \.\\.. ] e e e s e e e SR
) r i . .. .. . oo e TR 1....-...-..1.-‘._ g e e wfﬂ._q\l-l\-i\hﬁ\ \.ﬂlﬁ.ﬂl‘l.“l“-ih.! .-.-l-”“l-.““".-.l.l- . .._...“..1- . - ” - llt\ll\\“:“\.l.—.““l‘.ul“l-.ml.l llu\. - -... ll-l.-.l.-- et a ] ll- et ll.-. lll- a ll.l.l.”l.ln...___._-.l-....----- i .lll.-llr.lnn.-iii%
- .- a L T T Y 1I—.l1 fut \\i‘l‘.“ L) u-l”l‘”.ll. l.l llI.llMl”lll.l lll‘ ) |.ll. ) - - - e lI-I.u-l. o liwﬂl‘ll.-ll.llll.ll livu.l o ll Il.ll - - llllill.—.l
. . - L _.-.“. . '.“. '...'__.r.“...._“...h._.“.-n..-“.-“-“.-“i““i.”._. ”... 1...“.-......1.-1...1._..._._..__.-..-._...-._..“.-\#!.-_““. '“.\ﬂ-n..'\vl.q\”.\‘i\\-lhv.—11+.ﬁr”1”1”'”+h .““U.".\““‘"“!“"““".-l_-"“\"n“‘“!“" R . 1.”.._-.....--_-..- .- - \1!!“\\1.&&&!!1!\".-““11!““\11““.‘\“ ll g o . “-u““!““-.-l- na -l-.“-“._.“.- "
| - RSN ARAARE SRR B e DRI s e A RALCTION N Loid B m o e e
] . B R A N e s S o
“ _. | ot i R = e % s e
- B = = = = = = & & + F + 4+ F 2 F + +F - = - - EECE Y 3 lIllI‘”lllI.l.ll - - - - - - - ..-.1 4 l.-l.l‘. ll‘. ll.ll.-lll.-lllll.-.- 4 4 Fr s
- . H‘ ..... . -.-.1_. _.—_—_—_—_.-....—_-.... P -t lI o li. i ll.ll .I..I.lll .l“.lv“I. . . - ..—_l. - u-.llll.-lill l\. o - ll .-ll.-!lllll.-l.-lllll.-l-.i .-lll.llll.ll
', [ -‘. L. Sonteros . ‘i““‘.l.-_"‘ll.u““.“‘llq\l.l l"\\. L H_ ‘_. S J & l\ lll.l....ll...lllllll.-lllll.-ll._....._. o .-.-l._..ll
R N ' o R R . .-.ll-. ' --l.-\ll- o . .—TEI-l-‘. !ll...-l P R \.l\ T
- ] ot l.\\.- [ l“I.lh‘l.\-\.lh ____.__ ll\.‘. -ll-..-l...-l-l-.-.- F
- . - ] . .IIl. Il . i o . Fa'm 3 llll lllllllllllllllﬁlliillil "] o .-l
| g .., .- Yo .w_.ﬁ.u Eh.w.. e o m.n.\ e
. ; - e : A ey, ” S %
+ “u __l” Mh\k‘-\““. %.1. .l.l“..‘.- ll. : LT L - -._...-.llhl ” ll“l"l“.-".-“.-“l“...“.-“._.“.-“l“.-“.-.“l I.-“.
’ .” -.. - --. i l\-—:\ L ll-.!‘.ll-.“l.l. lﬁll! . ’ -._..-..“._.l. A r l“-"-“l“-l-“l“.-“-.".-“-“-“l“-“-“ -“-.
. ; g R o e e ” DOl e
_ s R A, ; e "\.\"r
SIS, o L S I .\ﬂ.\ e : C et . : \.ﬁ\._‘.
. 1—..—_11.1—.1. ................................... 1—_-_.—.—__.... —_... —_+—_++i+i+i++—_+1—_—_—_1—_—_++.-+.-._.ll|._.|._.|...|._.|+.-+|+l ltli.li.!l .l.l.l.l“ll.l!l.l li.l "o r a 3 tl.l. hll
FFEFEFEFErrrrr T rrr==rrrrrrrrrrrr R R R R R R R R T | R e g o E s N E N aamdamaww b » |
F+ F+ ~FFFrrrrrrrrrrrrr v + PP+ A AP P+t a F L) - - - - r LI
: A N -t e o o A rmay ” : L
r PR R ] l“m“l“l“mﬁﬂ.i‘. tat \ -V‘\ Hﬁﬂl " .1.- M\l..l_-liu‘.!-. \““1“!“““1 ) ”.I..- - i . k ] i\\l“!
40 4 F dd .__-l._.._.._.ll.- - [ o ] w . .l...... ] ] Ly l.-l
R AR ..\. | sy , ” : R
i i 3 w , 7 7
L. 1 ] L . .y l“l.
' . ” \x‘\\“\‘" .-l.- [ ] ll._.ll llll mlﬁ“.-”
“ ” .l-.l..-..-.lll.ll-.l-.--ll Fre r | o [ ] w L ll-..-.l.l-.llll-.ll-.-.l.-.ll.lll.-.ll.-.-.l“““““““‘&% l.-i\.“\‘ “-"
—_l r lllll lll.l l.ll.lllll!.-ll !.-lll.l“l.“lll!lllllll!lll.!l.llll.!.l!l.ll.!l!l.ll.!l.ll.ll!l.l lll.lll l.l.l.!l!l.lllll lll!.l.!l.l.lll.l 11 .llli lll!li 11 llll ll.l.lll lll.ll.“l"l"l“l.“l.ll.“ l.“l"l."l“l"l.“ l”"l“l“l.“l”"l"l.“l”“l”"l“.l."l“.l“l"l”" l.“l.“l”" l"l.“lll.ll.ll.l l.llll.l ll.llll l.llll.l l.lllli 11 l.“!lll l“.l”
. R s R i Ao

iyl

o
.

FlG. 6



U.S. Patent

Sheet 4 of 9

Dec. 1, 2020

e

L
[

-
L]

[
L
+
L
[}
L
[
L
L
-
= & o+ & F

*
L
L
*

[
[ ]
+
[
[ ]
+
[
[ ]
[
+
[ ]
+

[ N
& o F F F F F o F

LEE B N N BE U U U N B U B
- 4 4 4 &
L]

-

-

-

L] LR |
L T I B

-

L]

*
*
L
*
ill-l-ill-l-"lllll-il
L
*
L

L]
+
4 4 koA
L]
L]

4 4 4 h Ao
4 &

L] 4 &
LI L I B B B B O IR
LI

[
[

[ ]

4 4 koA
-

LI B B BN |
-

L]

L

# & F & F F F S FPFFFFFFFFFFFFFFEFFFFEFEEFEER
= o F F F

= & & & F F & F

[}
L
P
L
> F
[

L
s F F PPk
* r

iiﬁi'l‘l‘l‘l‘ll'

o

7
7
i

7
prr

[ BN

o o F F F & F F F
[ B B N B

7

A ‘::‘!
#/;F
#FJ-":
T
f )
ok ko
[ BN B BN B BN NN
b ok bk kP
[ - -
o
- L ]

*
& ok ko F kR

 + o F F F & F FF & & F ok F ok FF P * &
s k F Pk kPP kPR kR R

A FPF F 444

-
+
-,
+*
-,
)

*
L
L
+
*
]
L

+ &+
* +
[ N
+ &+ +
 F F

*
* [

L

*
+ + ¥ ¥+ + +
[
+

*

* &k #
* F F
+ &+ F ¥ +
+ & +
+

L
L

L
L
*
*

[
[

&

+‘;‘|‘i +
LK ]

+ &

| DL B B N B

L

L

*
'lll-"‘llll'll'lllll-'llll

o
+

+ % 4 4 4 4 A

L} * 4 4 h b ohoh

+ % + 4 h h oA h A
L]

L

L
“ + + B ¥ + & 4 4 A8
- F 4 % 4 4 4 4%
4 B+ 4 ok h AN

L]

+ 4 B ¥ 4 & 4 4 b ohoh ok hhoh
BLE & 4 F &4 4 d s % ddd R
H o+ % B + 4 & 4 4 % % 4 & 4
LB I W B B N )
+ii|iliil

= v d mw v b b Ewmhodhon
] L]

-

-
LI B B N B B U
+*

L

L
*

“ B N
L UL B B I B |
- 4 4 +
4 ok oh h A A

*

L]
L]
-
-
L]

L
L
L
*
*

-

ko

& F F + F F kPP
ok ko ko

o+ kS
 + ok F + + F F F F kP
+ + & + F & & F & & F F + F i

* kb kP
+ + & & + F & + F & F F + + & F
o + F ok kot
ok kP
 + F o F F kP F
 + & & + & F F F + F F & + + F RS
* &k & kP
+ & F ok F F + F F F + F + + F
o F ok F F Pk F

L]
-
-
L]
-
-
L]
-
-
L]
-
+
L]

 + F o F F kT

ok kR
ok ok ko FFFF
P+ F F o+ FFF

LI ll.‘..:'.q'.

//..x

LA I L L I N R R R R R R R RN EE NSRRI
LI I B B I DO L IO DAL A R T B O A IO IOL DL DAL AL AL IOE AL DAL BE IOE DAL IR B DO IO DO DOK BOE DA DN IR DAL AL IR BOE O BN )
LI I N B B N N I N N N N N N N N N N N N N N N N N B N N N N N N N N I N N N N B B B I
LRI B N N N N RN R RN EEEEEEE NN
L B N N B L N B N N N N N N N N N B N N R B N N B B N D L N B R N I N B I N B I B B
* % b h o h F o hh ot hF A+ FFFFAEEFEEdhh o d o h o hh o hh o hhhdh A
LI I A N N R SRR EREREEREERENENENEENEENENEENREES N EENENERM;N!

- 4 + F 4 b ko h F A hhhdhh o h o h o hEh AN

-
+*
-

L]

+ &
L L B UL B L B I D I O D D B D D D B
B+ + b odohod o dF o+ hdhhdd o hhdFF 4 &

+ +

LI B B B B L B B B D I O D D D D O B O BN
L I I N L B N I B B N B B I B B N B B B B B
L B N N B N N N B N N N N N N B N N B I B B
L I L DR DR DL DR DL D DR DL O D DR O D D O B DL B BN

-

+ % 4 o h okt FhF FAhodhEd o hh ot A F A+ A F
LI
-

+
L
+

*
[ B

-

+ +
+ + + 4 4k ok F FFFF A A R

L]

-
-
* 4 4 4 h ko hhdF oA+ FFFFAE A+ F
L] ok ok hhhoh A
-+
-
+
L]

L L B B B N DL D D D D I O D D D
L I N N N N N I B N B N N N B N I B B B B B
L I O I B RO I B AL IO B B IO AL BB B )

[

+ 4 & 4 + % 4 % koA

4 W &
*+ 4 b ko h o h koA - o

[
*
[
[
[}
[
[
*
+
*
*
+
[
*
[
[
*
[
*
+*
[
[
*
[
[
L}
[
[
[}
[
[
*
[
*
*

+
+
L
*
*
L
*
*
+
+
*
+*
*
*
L
*
L
L
+
*
+*
*
+
L
*
+
+
*
r

L N N N N N N I N N N N N I N I O N B N B B A B B )
LU L B DL B L O D N D DL O D R O B O .

-

IEEEEEEEEEEEEEEEEERE R + -
EEEREEEREEEXEEEEEXEEEEEREEE R KR,
+ 4 h ok ok %ok oh At b At hhoA+ - + +
L EEELEEEEEEE EE E T
I EEREEEEREEEEEE R EE R N -
L EEREEEEEEREEEEEEEE R IR E
EEEEEEEEEEEEEEEEEE ERE R
EEEEEEEEREEEREEEREE R XN

+ h k% ok ok Rkt h okt Rt kAt h kT W
EEEEEEEEEEEEL A EEE N |
I A REEEEREEEEEEEERREREN
Bt o+ ko ch o+t kot R okt
I EEEEEEEEEEEER"
I EEEEEEREEREREKENR
IR IR n 0
I EALAEEERER]

-
LI I B N B ]
L DL BN B BN
+ 4 4+« 4+ B N
4+ 4 4 H B

*

-

*
»

L] L]
- -
4 & -
+* L]
- -

*
L
*
*
L
*
*
L
L)
L
L
*
*
L
*
*
L
*
L
+*
*
*
+*

+ 4 +

[
* +

+

T .
AR \\{\*ﬁ‘ R
A s

e o
R
. N “hhi o . LN
: e

US 10,852,028 B2



U.S. Patent Dec. 1, 2020 Sheet 5 of 9 US 10,852,028 B2

||||||
" AWM ER

l.-.-'I-'q-"":.}:;:‘: : : : : :'.:..T-\T ":H":‘-:.‘r“r\.%-ﬁ*'ﬂ'ﬂl.’ e T T e T e ’ o L LT
Py A e : ‘*‘-‘;‘,}.‘:.ﬁ . : e '\‘i‘:
11111111111111 P T R R I R A S R e SRR 1‘.‘..1‘.1‘,"\& I-I“I---- 1_.-..'. ' ..!.. .'I.:h:..::,.. l,.l‘l"li 'l‘
77777777777777 AT b T T A v w aTaaTeala A e s s i et e s ' - ‘;hh . L] RN e R q"‘..:.‘q"
+++++++++++ + .h'l. o N E R LR EEEEEEEEEEEEEEEEWHEE

N RN SRR e R I S R R A RIS TeTe el e e ﬁ'l:\.l\.\' S ' e e T e e e e e " " e " " " L
111111111111111111111111111111111 L L
rrrrrrrrrrrrrrrrrrrrrrrrr "r"r+'r+1++++"r + + + --'--‘-i'--‘. t T +ﬁi“:.:;h\l [ ] q"q'.'ﬁ. .'l.'h"h,‘h “ Hﬂ“‘ﬁtﬁ&‘.':.':.:.:.:'.l.'l.l.l-'I-lll-l-lll-l-I.-l‘I-I-I-I-I.-I_-l..'l- -
1111111111111111111111111111111 PRI I A %‘\m. NN N q'.':_. Nl 'l..'l..l..'l.'l.'. -“. .H:I'. L .-.l.-_‘-_.l_.l._'l.‘l.‘i-i-1..1.‘1.‘l‘l.‘-|.l_.nll.-l.----.-.-l-l-l-_
T + Tt -iﬁi:. [ L L l_..lll'll'l.ll.'l.-:l.l.l'l'l. l.“'l.l.:l.lllllllIliiiiiill'l'iill'll'lll

e T T T e T T T +:-:+:+:+:-;-:1':"+i1+ . \ l‘.'.l.:l.l.l..l.l'l..'l.:l:l.:u.:ll:l..I :l:l:l:l:l:l:l:l:'l.l:'I.l:'l:'I::'l::'l_:':::'l_:'l_:'l_:'l_:'l:.I_:'l:l:I:l:l:I:l:l:l:l:l:l:l:l:l:'l_:l_:l:l:l:l:l:'l_:'l_:l_:l_:l_::_
ﬂ\\\‘ﬁ\mm‘b\w - \.?é:‘ \‘%‘:__'-’:\i._'&:‘:-: = -::::::::::::::::::.::::.::.::.::::.:_:;:;::5;5::-‘.:5;_{{'{.::&2:-:::::.::::':_?:_:':!':!:!:::Z::':!':_?:_!:!:_::3!:3 .
s R R
% %{% ll|l|.||.l.l.l.l.l.l.|.l.|.lll|llq:.:-.:.:.:.:-l_q_lllllq_l_l_llllllll .._I

L

lF.i'.l:!:..i'.

-

|

a om w
FF:.
= .

!.._ R
H L L o e Y oL :I:l:l:l:l:l:l:l:l:l: ................. | L .'-:.'-_.'I.'-:.'I:.'l. I..'I-..':'l:'-_:l_:I:'I:l:l:l:l.l q_:':.':.' :
..'l.'l.'l..l.}l-.'l 'm l...:.l ELR m‘ﬁ\\%‘ﬁa ‘:’....hk = '...':":":"'.I_" e e e e e e T Ty ‘..'l- :‘::::::::_:I_:l_:l:l:'l:l:l:l:ll . o -':ll '
_.'I..l.l.I.l-'l.:l.'l-'l.l_.-l.l.l.l.l..l_..l.l"I.i.l-'l.'l e i e e e, e e T e e e e T e e e e e ] ..I.-l..l..I.-I.l.I_.I-I-I.-I..l.. , l:.'!. 1
.'l.l..'l:'l:l:l,:l:'l:l:l:l:l:l:'l:l:l:l:l:l:'l:l:l:'l:'l m .l.:'l:'l:l:l:l:l:l LY .'- .'!. :
..'l.l.l..l.'l.l.l-I-lll.l..l-l.l.l.l.l.l.l.l.lll- lllllllll e R ™ = s ok h B R R R N N N O N NN ECECE W CE R RRRE RRRRR W E W EE W oEE " 'I.l.I.l.l.l.l-.l.'l.'l:.'.:.':: N
e e et . i . e e e e
; .-'..:.':.::-:..:.:.:.:.':‘:‘:.. ........... o e R ™ "k R M RN RN EEE ) . ) o l.:.:.:-.:.:-:-:.:.:..:.::.::-.'I..':.:l.:...'l :
.:'q.'ls:'q_:'l_:q_:l_.'l_:.l.:l.:l:l:l.:l::::::':-l.:: N [ 1Y ' ol L ...'r. R l. HE B B B EEEEEENENBNHRN q_.-q_ R ! l.l:I:l:l:I:I:I:I:l:'l.'l..'l.'l.'lll:.':::'::: ]
..:l.:l.:l.:l.:l-:l.'l:l:I:l.:l:I:'l.:'l. . ‘h‘ " i ! - R " -:I:'l.:l:I:l:l:l:l:l:l:l - .l,:. :
.:I.:I:I:'I:I:I:'I:I:I:I:I:I:l:l.'\ + . . :. e . L X - ' _.'. l:l:l:l:l:l:l:l:l:l:l:' .'l::'l:-'l. 1
S “';:_\ % ' R el e R R
l-l-l‘l‘l‘l‘l‘l‘l‘l‘.l_ L m [ ! ! n l.l.l-I-l-l-l‘lll-l.I.I_.l.l_.l.l.l_..l_.-_ .
..l.-l.‘ll‘l.‘l‘l‘l‘l‘l‘n.':‘.‘:-_.l‘&‘\ m .'q_.'- T . ; . m, 1, : : } : " } [ ] I.l.lll.l.l-l 3 l-I [ ] I.I-l.l.l.'l.l.l.'l.'l 1

LA A A EE TR RN -'q_

R L .‘l E E EEEN LY
NN L L LN L L, ':_::E::‘l::::hx.‘ - ._ : L m_ L T . .l.l.I.l.l.I.I.I-I-I-i.I.l.lllll.l.l.l.l.l_.l..

. B B % % % W R %R LN N L |} 'm . " @ & B B B B B B %" B B B L EEENENEENHETH
AR R R R E A NN} L} o LI ] L} L L L L mH E Nk k EE kK" N EENEENNEEEER
T A EEEEAEREELATEERE ! W . L1 LW W - 4 L m, . N N NN Nk k& EEEE Y% NN L. & B N H &k N N N NN .
AR AR A E R A A E N NN WM W W . ] L m W | ] E E BN N N NN NN Nk k& E & kRN EE kNN NN N E
TR EEREREERLEEEREEN W L N W W ' . L. 5 ' E E 5" "R N EEE EEEEE NN NN NN & L% KA L% LN EEELEEENLEENEEER , o]
llllllllllllll WOW m W W W oW W R m, . H HE E E E EEEEE NN EE NN N NENNENENNENENENESENENLKLKEELELEEER m E H KRR LK EEE NN
B R R W %% AW W% NN NN NN NN NN NN n B E hk k Ok kNN E W
lllllllllllllll L1 L H B B B EEEESENESNESESESEESESEESEEEESEEEE &L EEEE YR = & B B KN EEENNBN
kR % %% k% %W W AW RN . L1 LW e e T W  HERBEERERREREERREEER AR R R R TRy s SRR R T A A A L RN 1
B A NAEREREEEERN LR N L} N N W W NN HEEE k% EEEEN
e k% % 4 4% """ Y AR llllllll.'. llllllllllllllllllllll L, @ B B B B B BN
LB R A EEEEELTEER RN LR, W, W N W W W W N Be "SR ERELRELRERELEEEELBLBRES BB Y s R R EREEEEREEREREREERERE DR R DR R E R R R R E R EEEER] W N E N R KN RN
AR A EEREER R A e W W N N N M . L L Bk EEENN
Illlliiiiiiiii!llll q_lq_q_q_q_q_q_ L . nE kR R
L] | ]

B h LI

B R EEEEEE E EE T Y Y W oW W AL, N R, R R R M M M M M R M R M R OM RN LMW iR I N EESEEEEEESEEEEEESEEEEEEEEEEEES SR W W B R RN

e T R e s L A e RN

.:.:.:.:.:.:.:.:.:i:.:.:.:.:.:.:.:.:._:'_l:'_l-;:''“-.;l-'-L.,'l-ﬁ..;l:E:::""'l R e b LT e e s NN
‘:_‘..M.-‘.. 1 . II' LI ] LR

H % % % % % hochch % %" %W W R RN W RN NN R m, -'q_
lllllllllllllllllllll m q_q_.'q_.'q_' H & E EE NN kNN R LR % AN EEEY %Y EEYTW " E T kRN E %% kW -
.I‘l‘l‘l‘l‘l‘i‘l‘i‘l‘l‘l‘l‘i‘I.I.I.I-l.l.I-I_.l‘l..-_ q_.. " IR " e e e T ey ey e ey By R rEE R R R R EEE Y E Y EE TR AN .-_..- LU EL NN NCRE RN
----------------------- L [ ] AR EEERLE
lllllllllllllllllllllll 'q_.'.':_.q'q_q_.'q_l_lx'lq_ - oL E E NN N EEEEEE % % EEE % %% %% A ] A A A EERENR
A EEEEEEERXERE R R RN DD NN NN NS L W W A | - mE N Rk kR EE % E YRR YA YA EAchA . N EEER
AR ERLERREER] %" % "W E Y EEEEEEE wn wn 1 HhEE kR Rk EEE % %YW EY N AR I ] mE M R R ALY
---------------------- L [ X RN Rk R EEEET YA EAE [ ] = .
W BB % 4 A% %% A% %A% A NLENELEEENEEE Nk Rk E %% ETALRAAN 1
R %% %W Y "W TN EEEEEEEELE ' NN R E %YWA YA YNEE ]
------------------------- 1 ]
I AR AR LR RN

lllllllllllllllllllllll
lllllllllllllllllllllllllll

lllllllllllllllllllllllllll
llllllllllllllllllllllllllll

llllllllllllllllllllllllll
llllllllllllllllllllll
lllllllllllllllllllllll

lllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllll
lllllll

e
B

ll.l.ll..l-.llll.lll.l ‘m
- :l: L _:I:'l:.l_:l::l:l:l:I:I:I:I:I:I:'l:l_ltll::.l-:l:'l_:l:l:l.:l:I:l:I::.I_::l:.'l:.I::'l.'l:.' 'q::l:l:l:l::l:l:.l_:.l:l:l:-l_:l:l:l:l.:i:-:l:'l:l:l:l:l:l:l:l:l:l::l:.
: ..::l. l..l:l:l:l.:l:l:l:l:l:l:l:l:'l:l:l:l:'l-'l"l_:-l.:l::l:l:.l:.l:-l.:'l.:'l..'l.. T ":-:.-:l.:_l.:.l.:l:-l-.. : "y 'I..l_ll:l,:l:I:l:l_:l:l:l:l:l:l:l:l:l:l.' -
R e e R R R
- ...:l..ll.ll.l.l.l.l.l.l.l.l.I.I.l.I.I-I-I-I.I.I.I..I R . %l. ...ll..:l..l...l..ll..:l..:l.ll.. i
.'l..'l.. .'l,:'l:l:l.'l.l.::l:.l:.l:l:I:I:I:l.:l:l:l:l::l.:'l. - ..l...-..---:'-:'l_:_n: l_:'l.::l::l : : : : :.\\
...!..-l...l lllll

% . '™
.'q_..'q'll.-i ..'Ill_l_l_ lllllllll L - ‘--- '-.-."' R :q::.'l'll_l' lllllll L
: .'I.:.E:':.-:-:'::.:'E‘I :'@-:':‘::;‘E:":‘:‘:":\\ - . 1 b N ‘.'.- '...':_'.':.:-:.':-.' u 'I.'l.'l 'I- l. I. N
- . '®, L & B % B B B LB NN NN L L i e WA - ' e, LI NN R . W
: .'-.q_.'-'q'l.-l.--.' .'q_lq_" .'q_- -q_- I_-I_-I_ ........... L :F'-_ : L N*:-l.l.' L 1§ l..'l. ....l.'l..'...'l..'l. L .-l
) LIS 'l..ll-ll.l. LY .'l. LAY L L L . LY e e e l..l.l..l,q.l.l..l. LU L L L
S

11111 i T R R R = - e R R e e b T e e e T S T e e - T e S T S M e Sl S

FIG. 10

L] L]
++++++++++++++++++++++++++ BoE R R RN H AT
+++++++++++++++++++++++++++++++++++

L]

v 1+

R A T T i
'5&55?-%@*&*«"&»‘%.&&‘\. T e T N o

|||||||||||||||||||||||||
iiiiiiiiiiiiiiiiiiiiiiiiiii

L. 5 A A A

L ] " EEEEEn R NN N NN NN NN N NN RN NN N N n nm w o n kNIRRT

llllllllllllllllllllllllllllllllllll L, W = . - I IR R R A ™ & 4 4 4 + 4+ % 4+ % % 4 % % % % B B B B N B N N N RN

---------------------------------------------------------------------

11111111
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
--------

----------------------------------------------------------------------
--------------------------------------------------------------------------

e B N o v e e v e e e
N e B e R 1 e e
. .-l..l_.l.l..llll.l.l.l.l.l..l.l.l_..l_.q_..l_..l_.-l...l_.lllllll_.'q,.-llll..l..-l..l.l..l.l.l.l..l..l.lll..l..l_.l..l..lulll.llll.l..q_..'q_.-q'.':_..:..I R A TR, o o o b e e e e e e e e e e e " e e
e e R R R R R i . O . e et e e
:.'I::'I::'l:I:l:l:l:l:I:l-l:l:l:l_:.l_::l:-_ l:.‘.:..::.'q_ "‘. .'I-'l., ------- T e e : l::.l::-::'l.l " "

: .R.'ﬂ-:":"::':":":":':::':-. = m N .q_ '.. o -.-'. - LN e e e e | L]
WM AR NN EE NN L ,
e m EE NN N RN EEEN o Lt ot | . _"‘."‘,","T':'.'.':

iiiiiiiiiiiiiiii

llllllllllllllllll ‘l.q_q_ L} L ", " - R L
- :-:-:-:-:*:*:*:-:*:*:*:-:-:-:-:-cﬁ\ﬁuﬁ'&\ X
e . L Tt
: I‘I‘l‘i‘l‘iiiiiiiiiiiiiiiil‘l‘ﬁ"% w::‘\*\.‘ -|ll . 1 . I

L}

. e
'\::. ..............
= |‘l n
L}

BT oA
l-"-i"-g

iiiiiiiiiiiiiii ‘\ .'.'I.
LT TR T T TR T T R L L L o n .-I_ .'l,:'l.\i S NI
iiiiiiiiiiiiiiii .'q_q_q_xq_.'q_q‘ 0 q'.- - - . e s
iiiiiiiiiiiiii l..'l. L} .'l. .'l. L} I e . o . - =k R EEN
CEEREEEEEEREEEEEEREER R | , \‘q n . mn T e oAk
iiiiiiiiiiiiiiiiii L1 N‘.'I_.'Ihl - P . A R EE R EEEE R R
AR EEEEREEEREEREREREN =) | n [ R I I R IR TR
iiiiiiiiiiiiiiiiiii L1 ' i N o - = s NN N - A *F F wowow
CAAEEEEEEEEREEEEEEERERERN LW n L) o L .. R T R A A EE NN
Iliiiiiiiiiiiiiiliil_l.:._N‘l_l.‘l%m e s e A T ok R R AW
iiiiiiiiiiiiiiiiiiii ., m, q_q_q_q_q'l . S s T T e e et e LT
iiiiiiiiiiiiiiiiiiii L Ill_:\‘ll_.‘l.'l q‘ - ' s - .. I N L]
lllliiiiiiiiiiiiiil_l_l_q_q.q.l_q_ n o B - [T -
Y LAY L h Lt LU, L T
'. N 1 DR T LR
L8

lllllll

llllllllllll
lllllllllllll

||||||
-------

.. L.
. . Lot 2 .
Lt e,
-t . . N
. o . .
S . .
. - .. .
. et . o
S E R R EE T e E e | L s -
m " B B N B %" BN K% ENENENENETH , a e e e - '
(% % 4 4 4 & 4 % 4 + 4 4 4dhhhhhh R Y N R R R A" RN RN R R R R ] LI | L . B ] . [T T R ]
B E R ERE RN e N e . s W s . '
mE e % B % BN %k EEEENEENERYN , ' e e e e e e e
LU T B B D B BN B B BN B B B B BE NN B B NN N A I B BRI AR A I L § IR | LI L I | . =
. WA BN R R R Mk % B B R A N NN KN N W W W - h .
lllllllllllllllllll L n . - .
% Bk 4+ B 4+ B %" B B K EEBEEERDR L § .'. .'. [ .. [
lllllllllllllllllll (T e § .., n .., - P
- T EE E R E EE T Y L ® % B N B B B B KN RN KN L m n '
[ 3N IR B B BN BN BN BE BE DR DR DR IR BE DR BE R DR R I B N B N N B R N B IENR BB R EERERNENNDNNDN?S i N L} ]
T O e e e ERERERE R e Ty e !
""iiiiiiiiiiiiiii.‘.l_l.‘li..l_“‘.llllllll...._.. %
iiiiiiiiiiiiiiiiiiii

o L a, SRR *M:-h\:u _:-::::._
-:-:':*:'Z*Z*:*:*Z*:*:*I*:*Z*I*:*:*:*:':'-:-:':-:-:-:-:-3:-:-:':-:-:-:-:-:-:-:-:-:-:-:-:-:h%ﬁi%:%@& ' 3

iiiiiiiiiiiiiiiiiiiii L, B % % % % T N %YWA h R kRN ENEEEEEENN m N

S EAEEREEEEEEEEEEEEEEERER AR EEEN N R e LENEEREE RN X W L W X n
A EREEEEEEREEEEREEEEE EEE R S D R E N A N E AN AR R R NN NN N k) wm N o
CEAREEEEEEEEREEEEEEEE EEE R R A R R e Rl A A R e A Rl e R n o o |
lllllllllllllllllllllllllllllllllllllllllllllllll L Ll q_l_l_q..'l
CHEEEREAEEEEEE EE EE E R E E EE R A A N R A N R A N A A N el LK n LU,
lllllllllllllllllllllllllllllllllllllllllllllllll W W W n 0 -,
S AEREEEEEEEEE EE E E E E E E R A e E e N , B % B N R NNk Nk E Rk kN kLN L W mCR n L DT L B E B % B W % R kW NN N Wk R kYT EEYEER
A EREEEEREEEREEEEREEEEE E R E R A R e e N A e R A R A A L A A L R N RN A W N E LR LN W
CEAREEREEEEEEREREEEEEEEE EEEEE R R R R A N E e e e E e R el e R e e . L L, W 0 ,
llllllllllllllllllllllllllllllllllllllllllllllllllll LW m m " E % % N AR EN
. lllii-iiiiii-iii-iiiiiillllIIIIIIilIIIIIIllllllllllllll_...'.._.l_l_l‘.

--------
------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllll
llllllllllllllllllllllllllllllll
lllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------

IIIIIIIIIIIIIIIIIIIIIIII nm . [ ..... " m -.. o]
. L E N LI - L u 5 - - ' 1 1
L m_ . l_l_.ll_..l_.l_.ll_l LI . 1:.._7_._1'-._.1.1..-‘:" L] L, - kW . wm E_ W "

FIG. 11

S '1*~':- A -n.. T A T T '\_ )
L] y ‘h '-q_i'l:.‘l_ l.'q_ |, .':h!. .'q [} q_'-'lx'q_-l.:l_..l_.'l_.llllll‘l‘|‘|‘|‘|‘|‘:ll.. -'q_ ] l_.l.. .'l q.. _..l L ::l. .'ﬂ. ..‘*\. "' 'q'. !.. .':'l. ] 0 .::'..\. .
\‘:\R.:‘.::\.::} .h .':h:.-':.:‘%.:h‘x. " 'N."':hl.. .I'.'l.l.lilll.llliiii‘i‘l‘l‘l" " i ‘.'l. ‘-::1\.'-‘.' \C'l .".'.\cl ".'-' .'.‘.'-' .\x y \.‘ .
- I'q_- N .-'Ix..‘h i 'l..-l I-: .h.x iy R .:q_.. q:' l"l_ lllllllllllllllllllllll "q:' .i-l_ q_:{'\. q_.: l- . .'q_.'::\ -:H_%.\:'h‘ . .‘I \ N .'I. '

-':':".'. h.‘:_..-..::.\.'l..::.I_..I_}_.IH.:l.......h:lll::h.-:':.‘..-ll.lli‘|‘|ii“‘i““‘%-:‘:‘-:\_ M....' uﬁ*{.‘:‘ .q:'*:\-'hx:: '

] ', . , ‘ m m
SRR

y "':q:l:..-_i.:.:-:_l \ "l.;‘l,.‘l,l. wtatn . s . . y gy
.\ '\-q_-tag -.:-.;:._:::-,I-_!\l?. Saee " X % . \ ':."-::.‘."::::q.: Il.."l. -;::"q_‘::}. ) . a u.._l__.
l\ :.:q_::::.. :'E.:_:‘ \'\.‘\\} ----- '.'... .;'E. l.q. ™" e " " " " . n . '. . ': - . ': ' ' L b %&hﬁ%‘}:@:ﬁb%}:‘hﬁ? ..:.\\'

........ .‘{:\\

Ny e e R L e A R .:
N \\. N I T R
\\Q\\.}\“‘}:::::?ﬂ:izi::ﬁ\%. T 1;5'"" ) \Nﬁﬁ*}hﬁﬂ%ﬁm g

e B e SRR S \'-E\:".:\'t_:‘\ﬂ",_"- B
.I-I-l ..'l:.l‘l-::.'\ x o T A il-l‘l‘l-l‘l‘l-l". 2T ' -.'-. . ! .'.::EQ. LY q'.':_'. ..'q_.'h_ .'.'-_.'q_ ..l_x:.l-. '\'... .l h \l .h
;ﬁ?,‘ BRI %‘:»}_ﬁ;&-‘*}_\%x\}\%&*\ R
R R R o 3 EH*‘%%‘;&*%Q}\Q?&\%%\Q\&
L] [ .l \ 0

i

RN, ERNERR o S R R ;
. m e ."'- -'-'-'-'-'u:"-.":-ﬁ"-'h -~ 1 . _-'-‘ o - " o E S ‘:":':‘;‘{:\H?\::‘“;:ﬂ-‘*i‘:‘ '.':.N.':h':"l ‘E‘\\:‘ .':h'l :
o B e, B R ‘x%\"{-:\\ :
:l.';\"\\"}‘\\\ ":!::::;5:5:1:_:.3‘:{:::::::Z:::E':_:':"-;;Ef:":_‘b\__ ; R R _-:::1:1:1:1:!:1:::3:1:_-E:lﬁﬁ%}:%%&%m}m&ﬁ}b}% -
_. \ ettt St S Coeat e RN l‘:\"‘ﬁ;‘x% AT \'ﬁ"'ﬁ.\ _
: e H{t‘%\ ' SR .-:-:-:-:-:-:*:«:*:-:*:-:-:~:-i..'-'?~'t“\3:-'l‘-..‘-::.:‘*'l_* R -&&_;-M:‘:?"::f:\:;- g
* l..'l. .'l * ’ i-.-.- . LT LT l_‘l‘|-|il‘i‘iil‘i‘l‘l‘l‘llllliil n \':‘ ‘- " :_'.'l. .'l | L1 :h':. .'l ."-‘I ’
* S A A A A R
) ‘ht 'l. L }3‘?““\‘:‘?‘. . ) ._'r.::_:' . . ' ] "'m .l:l.:|:|:l:l:l:l:l:-:l:-:l:l:|:|:1:i}%3ﬁ:\%h}ik'%}ﬁtﬂ-& ) \.'::\.\\ -
A R ..

o o e e SR .'_.ﬁ"-&'\:. ST x\*{'\\;\

L * '\\":\. n *n ':h'q."""‘ ':""l ':.' "y \ 'Hh :'|l
B o L

N “‘E*‘t:: ':"\

"':q._
"

LE A A A EILEL AL AR AN LN
llllllllllllllll L}

n W, IN"n- e )

. - B “:‘h‘\\‘ﬁ:&-ﬂ - ity
O R R \‘\
ﬁﬁb‘:{@“@\% N
~...-....-::s:z:z:s:z:z:z:z:s:szzzzrﬁﬁmg}a-ﬁwx -

B R ) B AN \RQ‘%\

F u o oa

S ‘II

'n v y o l.'. " u A . -;-'.
&‘M‘\‘- N
- I .'. RN

3 b :*\\:'-l "*".,;.hlii"\ .
'.'-.:-:-.::\'f:;%%?.::::::::::::f.‘:;\ﬂ&.:::.:: -“':.
kR l. , .l T | q_--i‘l.iiii‘ll.. L1 [ ] ; ..

NN = "1‘:1:1:1:1:1:‘*:.5:-"% O

L Ry **1‘:-:*:«:*:-:-:@-..‘*\;: ¥

R L L 4 4 % % % R [ § 1 .
Y *-:-c;t_‘-:-:*:*:-:-:-:&k- .

"h;:::::\ X '\.:"" e :-.,":.. _:;::::::::::::._“:}?,:'t:\\ .

L T A NN
-L:-:-:-:-:-:-:-:-???:«:-:-:-::E}_Q‘_::%b R SR

L it e B A s
SRR m&ﬁ@&“ﬁ%\\%ﬁ%}ﬁ“ ;

" ‘i.;‘_:"":‘:&:“'.:&\t;\ 1:1- - _.h

s

iiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllll
lllllllllllllllllllllllllllll

:I_-l‘l‘i‘l‘l‘-i‘-i‘i‘-i‘-i‘l‘l‘l‘i.l.l.l‘l‘l‘i‘i‘i‘l‘l‘l‘l‘l‘l_ m, ‘:..'\ qq:l q_.' LN o L q..'. o ) L
:_.:.:i:.:.:.:.:i:i:i:.:.:._::.l:.:.:.:.:i:.:.:.:i:.:.:.:i:.'».';:,":‘\':"- ._-.?"«.'?'i:h\\*\\‘;_ *y\_ :
............................ ) .-" x"-.ﬁ\:.} Y.

" : A A
R - R T
e e T 3 \ s e R A A :
N “ﬁ%ﬁt_ugﬂ.@“ﬂ\%\ :-%‘\ TR .

\ , L . ek e o1 AR AR R E T E R E R E E T EE  E A E A E T L ., m, 0 \_ '
o R B A \ L e, *‘-7."&":‘_\."?'\" 't..."':: Q‘.\ \. v
.'l..hi \ - wN ..'- ‘h:. .., IR ; \Eg. \'_1 ; . o IR R .-"-"“""“'-"'“"““"""""‘*‘"“"‘*“:ﬁ-c-‘{‘:_ﬁ'%:}&;%ﬁil}ih%h ;\.\.‘x

N ~._"‘§':- "i._;g: I T | AR S e
R R R B R
w "\\\Q‘":.‘\E‘*\S:\F‘:--::_-.:;:*:;:Q{?:-::%:*:-:-:-:-:-:-:_-3:-‘-' T AR ‘».;w"-‘{_-..}%% “-l;:;:.;‘*\"*ﬁ ‘*-\\-..\“\\

....................... NN

n
o
o
L}
]
L}
]
]
o
-

-
Bt .



US 10,852,028 B2

Sheet 6 of 9

Dec. 1, 2020

U.S. Patent

llllllllllllllllllll

lllllllllllllllllllllll

R H.,.“U\u - ) .\_\ TR - ..n+.m..
e wx -

| 54

DR

rom # -
111111
o= r

"y
AR
m&fﬁ&\

a
|||||
a .

n
e
L}
Py

i, 13
B R ¥, .~:3
S
» N
"E" e N
1 ‘;‘h\E ;',' .'.. e e
el
e L A A B BB T By T

FIG. 14

AR A T L
N

B
o FAEE A

P o

B N T
'- . ) .
R

-k . - .

L | - ..
e -
. .1.... .... P

. . . -.l "”.‘1.‘.—-|.-.
- .l..ll.l—_

foog

3

_@_‘E

"1
|

FI(



U.S. Paten Dec. 1, 2020 Sheet 7 of 9 US 10,852,028 B2

g A
A

OB
el

L. . .
- H L HH‘ ‘x‘.-_ ... 'rl +,

- g Ty Ty L

e AR T R

ol n .':s.‘."“"""*ﬁw:.‘:{.."::'.ﬁﬁ ey H::}':.,"'."',.:. oy

DU MR BNt g L, SN .'
: > :_q.‘-.a‘ HH._"-::‘::-. \t‘*—t‘t‘ N e
A A R e R T

. ::: Ii:: :1||: ':': L i T mwe o T e -L"u-u'- ,
'.:.:-:-.-I '.T ': '.':-.: .i'-r'.':.t" “ﬂ *\l.’!“‘hﬁ T e T L T

#le e LA, )

w e . e g A N A
T A e T T N e T T
ot LT, -".: ‘AWM ‘I‘-.::““.‘ “l"'h‘-r:;-_l:‘i“.“ "-'r:'::“‘ Py T
'|-+ [ lli‘ I'.‘l.' . F R R t‘-h“ 1‘.' "h L I"-E L] 1‘5 LI I ]
N e N e T T e ""t"*ﬂ‘.*.na"‘"""". wn T

o e B, s -d-*‘h.'-i;._-whq,:'h‘lh .'!ia._-a" ],.tl- H"**«.HH‘."‘“"H‘H

L M. B ALY ‘h““"\'.! LN lﬂ_%ﬂ%*?.l -‘.",'ﬁl‘r‘-"v

[ I +* a1 L W L ““‘. -II":I:I:I: l.'l-':ll'.
e AR R i AT L LT

LI r W +".-‘ '..-.-.-'. ‘-.‘.‘."r ‘-.-'..'I‘- T o L] L]
R R I e I T o
S ARG '.‘.*.ﬂ“:-f::t:*::".‘ﬁ-.“ t:*_ﬁ:'.‘.uxﬁt}::ft.*.r P
T D A N R A T

e

iy b T N M Tt n
T A :‘t‘{}"‘uﬁwhﬂ‘:“t"“‘ '''''''' S

1111111111111

. T R et R T T T T
- T A A T e T
-"«r - ':_ -‘-I "'+"'|1,.ﬁ"|;":""":::“ ‘lﬁ-‘ﬂhh":‘;‘x:: i‘.\‘-‘i‘uh‘q‘:ﬁ-‘ﬁ-’h'ﬁ‘v + L e --11- .r- 4 -

- ne

L A m R e S e e T a . . N

g i .M-“:~”:-‘:3':!:'~:-'m~*-k‘*‘:x'::.*?.‘u“li‘“t'-:"1:‘:-‘:1':!:‘-:-;-; T N I e e S

S T Y A N el "-'\.\ : *‘%"‘*.'ﬁ;ﬁ:‘ e e T e

' ' 1‘ s ..'1-1..-.'-.-1-.--.‘ ‘H‘h‘!‘h“‘ 1 1‘“% - LI L BT - l‘ - .i'..:'i\q‘ L) . I‘i‘l" X \‘ n LE L B N N BN

B O e N SRR e S \\ﬁ‘:‘* e
ﬁ\‘h e N AR Y b b T IR A, <= M=o R

By .
. . g™, e ' n g L% K "
) K ':n‘ﬂh‘\‘?:h . . AT TR, 1:1:1:“:!*1‘.:% l"":‘-":‘l‘:‘m:::.":‘.l"‘l‘.l‘i.l'q_"'h,""h"ul:01-.-kl':'.‘---‘\l;":"l".-.'.";.llll - :1:1 N

B

A 4 |i'|- -1 1-1 +_ 1‘1‘ .ﬁ ‘i‘ -.-.. ‘; 1‘1‘ H “‘i‘ ‘w.‘.‘h‘;t‘:-
s T A S
e et “"‘t“'ﬂ'ﬂ‘:‘:‘:‘ﬂ{:‘k‘:‘"ﬁ*‘
i BT et ,t_:_.‘,‘_.;.;.; I T '-l"»“u“""""l";': et
‘ot ru - ".H‘-‘t"‘.‘ﬁhh [ T “-"‘\‘.HHH T T T
1:"- . n --lI -,\'q._r'q'_r"q""h:l-‘h.ll‘h‘! + 4‘.,...‘.- "q.:.\‘_ttq:l-_lilh‘h‘h‘-‘l LI . 4
- L JRCMCNLIG AR T N e DOLICE T RN
. --I-.-i . i o .*-.- B 'l:h‘h‘h{‘.‘;\.._‘:.:" -:'Fl"'."q‘_'q._h-l‘_l:'l.:'l:'h"h‘l 'ﬁ;l“‘:ﬁ",\:‘:“’”‘ SRR
ri"" . : - . ' L] "'l' ot 'l"‘"ll‘:"“"" q.‘.' t"‘.‘x‘;""“‘-‘q‘\‘.ﬂ‘*‘:‘:"" 1‘1‘1"""‘:. r
ST TR PR AR RN

I.: F:-'l . i.l"“-‘-“:{{‘:‘:‘:h‘mﬁ'ﬁ'ﬁ H“‘r -.I""-“-‘.x‘ﬂ“": - 1 1 L] "
Ty 1*.&5%%%*»1‘»‘&}‘3‘:‘:"}" L S i L
A B S S S P P I N\
B A, O W
[ L R LY ] LR "
el e e e e RN W B

R S o, TawTe e
£ ¥ R AT
R o bt NI b ol
oA L AR A AR R A A A L e
S LA e e e g Y,
et s B Ny -

e o
o e e T e e O Ay m Lot
R L R A e e et e MM S A L MO R e
(s 1 e o By q_"‘-_"‘_““\‘\“h* T 144 1 2 mmm . e n
. w0 TR RARR i - W TE - Ly T T T T i i )
R o Sty e i b i B ISR R AR A
£ RN NN SRARRATAN
e R R AR A A R I hmﬁﬁﬂ.ﬁnﬂﬂ\“.\;:‘. ey
o e o S i i bt e pipnprpag ML S S S e o e v
= .Q.:‘;ﬁaauuufﬁuusuy%-.}}}}}}} . e P

A R e

-
-t '1";‘:":':;"'""'"‘“""““*% e e S e e e

;' . ": ] HE H hE kBN EEEER I.I I-‘ 4 4 " Bk I.-: " B H R I““‘.-I--‘I L]

.-:‘T ) ;Tl: :E . : ) :IIIT. .....---.-.-lI'l‘-ll‘-l.Il‘i‘l‘l-l‘-:-‘:.-:.I:‘:..I.‘..-...l l_-. n
e - " R R .
o . .. : N
':"I. . *:" . M 1‘,.

3
5 "T' '
' ) hy
A
>
.

o
e T
-
LA
SN
&
B
T
. .'
LK
.I~'|
L |
T
-

' T '
. e L .
S . ey, L,
;: o o *-..*;'.jv.'
.':‘ ':E" e
s W, o
3 - R
Ty .H‘- B
' ol

L .
- A
a - -
[
- .

A,
A p s
‘i
e

Nl

|.-I '
v . =
L . Ce et S
S . n}'_"'-.‘& o ‘-\ o .
i o R -
: ¢ 3 o )
X : i":‘ﬁi{§h o]

--------------
N EEEEENREER
[ I |
Nk
L] 5
]

1
Illllllll‘ll ----i_‘
] . '
R AR RN ..“_
. - - - -
A AL ERER . . e I
, 3 1 q‘ '
o , ' .
4 . '
_ . T
m m L L 4 .. - l‘l’ -
= ' L] N . -i"-'.h.:.'
- .
» ™ = X . "h‘.‘l .
. e , PP L . . SR, Nt
[ ] = - L LI . . L %, Y,
L 1 LU L Rk Y EW 1Y 1 . - e -
L) [ | L] AN NN n - . L% r . .
=N W [ | LI LY L, ., . EE YRR R [ | . \'-- -
LI LI ] LI LY L 1 M A A A A LN - o
L | = E N LN X ' B % % EE LI ! .:'l.
LI =R NN - EE A , W 1 1 LA RN AR AR R R - A - . '\_r-
LY R+ N R R kW BN L W B h R % AN 'w_ 1K rEREEEN] LI I EEEEREREREN . -‘:h_ .
UL N EF 4 " BN kN kN EEEE RN N NN N NLEY YW EEY [ . - rERERAREELAENR RN IEEXNE AN T
- "R NN R E %W NEEE . W% % %" NN ER A - - +EEREEAAEREER R R R R EEEREERERR . e i
UL "Nk AN " N RN W% LA n [ LY - LI AR R :: - - SN EEEEEE RN IR A EREN] :.,._--
[ W R NN % R kNN LR EEAEEANERREN] BN NN ] LI N = rER BN AR RN ] ' EELEAERENR] --i\
LY Rk N RN W R kN R R E R E YN ] W E N E % % WA EEE %N R kRN % R R YA I EEERR . .. - - -
- A E RN EF RN EE % %A w kR W% B d % B R % kAR %R LY I AN AN ENRE ‘A EERLER - - Yy .
L] "% B EEEE B B kNN RN EEER 'l'.l_ll_lillllllllil AL * % % % B % % B B % h %N LI . r-‘:\'u-
- Ak E kRN " N N NN R R LR NN LI I AR AN EE R A ERE R R . = ~ - ] IR AR RN RN - i L B
LY 4 W N R EE W E kNN % %Wk EEEN LA ERE AR A A A A ] = A A EEREER A LR A L] L ™ T
- A k%Y EEEE NN RN % ok kR W N ER LI | AN R AR AR R ERERN LI I EERLRENEREN] R Loy . .
LY L] UL L L T L LR RN IR EERERERRE I EEEEREEERLRERLRR LR - 1 C oY
e = N E R TN EE% RN %" EEEEEEEN AR R A A A A A E R E R R R E R E R E A E R A Rl e E E E E A e L] ' -
. HH k% %" EEEN I AN R R A A R R R A T R E R R E A E R E R E L R R A E E E R A R E R E E EE E A e » . I
LI | "R EEEEE R EEE L R R L E L A L R R A T e E L A E e L A E R IR ---:..--
. = E N R EEENELE%REE AR A EEE E I A R A R R E R E R A E N E A A R E E E E A R A A A L - i‘
' RN EN RN N AN A R A A A R R R E R E Y A EE R R E N E L A L A A EE L E A ] L T -
"R R ER AR R R R L R R L A E R R E R R E R N N  E A E R A E L E L R e N . C
B AR A A A A R R R E R A E N E E A E E E L A R E EE A A T i v B
L] _nm AL R A R A R E R R R E A R A R R E A E R E R E N  E A A A R E A E L A R A A A " L]
LA R R R ERE R EE R R E E R E N A N E R E E E E R E E E N L E R T R A R R E R N [y . .
AR R AR AN A L A E e E E R E E E E E E E E EE E E E E E o + 4 + + b B % % % A% R R A Y AW AN
AR NN R R R I E R E R E R E R A R A L E N A R N LN LAY o
Nk EEEER AR EEEEEE L E R R N R N T N N + 4 + 4 % B % B B A% % hoh %% hh N RN IS
I RN A E R E EE E R A A A E A A A E A E L A A A A L LR
AR AR A AR R R E N E N E L A A L A A R A L L R A L E L E L A E A R A N ]
I R RN A R R L R R E R E R E E L E L A R ] EEELEEEELR AR A R R L L R e E E E E E E E E E R R e T
N EEEEER Rk EE kB E E k%W E Y E%EYEEEER IR A A LR A E R AN A EELEEL A EEREE R LA AN -
X R L Rl I R A R AL R A A R A A L R A E R R R R A A E A E L E R E R E L EE A A L
B ™= = = B R R EEE AR A A AR L L R A A R R A e E  E E A E R E e R N IR AR EEEE L R A E EE A E N .
. = R R R R R R %k E T N Rk kRN E R EE N EEEE%T E Y R % RS EEEEEEEEE% 4+ % k% kY %R+ o+ och % B E % kR EY Y
RN A AR A A E R A EE E L A A A A A A e A e R A R R R E E E L A E R L A A L A L A e e
RN R I T L IR R R EEEEE R R A E R A E e E A EE E R
" & xR EEEEEE WA+ IEEEEEEEEEEE R A A R A T R E LA A E L A e R L A E A E A E A
ARl R A R E R R E N E A A E L e e R N R E R E R E L A A A E R A L
SRR I EEEEEEEE R TR R N R + +F + + F A F % % A oh R % k% R EEY
AR R R I AR R E R E R E A L A T E e E R T N e I EEEEEE R A I A A A LA
AR RN I EEEEE R E E N E R A R N L. - IR EE L L A AL L L R N
[ W W R N R N R R R RN R A+t F ot Fhch Rkttt Attt ch R EEE+ F A+ AN , I EEEEEEE L E R EE L R R L e
- AR I I E R E E R A A E E E E R E N E E L N e L IEREEEEN T E R L A L E L A A A L,
r AR RN R R R E R L E R E R E E E R TN - TR AR AR LR LN
R R R R TR R LA E R E R EE T e . . w IR EREEER AR AR .
- IR A R A E E A A A T A e N e e won XL EN RN
I R R A A A R E E E A L A A AN R N N LK EEREXEEEAERERALAEERAERNE
N kR E E kN EEEE® % kAt F+ hchh+ A% W E% % EEWYEENE N NN R EEEERLEREER RN ..
I RN A A A AN A L A EREEEER LR R AR A R E A N EE N L1 n + + - A AERLEEEENE - - -
AR A A A E I R R L E L EE EE R L A L A e e e e L 4k h B % %W W %W ch EE %R ..
W W E kR kR Ok E EE kR Y% Y%+ + +chochochochchochhEEYT R EENR . + + F 4 EEEEEREE RN ..
I E R R A L A E R E e E  E E E E E A L A A e el L) IEENALEERE A EL R N
B R A L I R A R E R E L EE E E E L A e LI 1 I EAA A EREREE -
kNN R kR kR kR E Ak R+ ++ Echhchch ok h R E kR NN X EIL L] "R Y R AR RN
L | Rk NN R E %k EE A+ hoch % %A ch ok kYN E RN LR '+ 4 W 4 B % W B % % % R N kN NQ
n B E R R %% B %W R R %W chk k%% AW chch kW kR RN 1 LR I IR AN
L] -k IR RN R EE L] A h B % % R RN EEXEAERLEEEEERERYE -
L | A AR R A A R EE E A R A E R A e 4 % h A kN "R R RN ..
L] B E NNk kR E kR % A+ b k% hhchohEEEEEEERLR I EENEEER R A ERE AR - -
L | B R RN kR kR E %% F Aok R %okt ch kRN NN NN + 4+ 4 % B % % B W R %R RN K
L | AR R I R L e R E A A A E R A e L W W W IR L EL LA E RN
[ | B RN N % % %k E k% ko k%% Echch kR EEELR n I EX A A AN A A NN
- R kN E %% EEEE% 4 h+ A% EE A EEEN w, L} "+ + % B R B Rk R RN YR .
L | B Rk E % R kR EEE+ +Ach% %R+ AR L IEEEELEEAER RN AN A RS -
nn B E NNk hEE kR E R+ hchE YR+ A EEE L I EENERELRA AL EE N [
L] BNk Rk E kN EEEY ++ % kR kA RN I EEELEAEREEE AR EE. - -
-m NN RN Rk EEEE %+ hochE kR hhkEN I EEEEREER A AR E RN ..
L H N NNk kN EE kR + + chhEEY AR n LI T L. - -
m "N EEEERN I EE R ER L LI L .
L] EE AR RN EEER RN u - [ LY L] L
nn =N EE - ] + B h R R LU = I LY . T
L] "% YT E N R % RN EE% h+ chEEEY AN L] L L L] LIRS n '
. - 1 LTI L] L] LI -
+ 4 B B B % 4 N ] T B h h B AR ] ‘h:'q. 1
. ] "N AN . - LY + B E . '
+ 4 kB R R A
L] n + % B B B W N X L] I AR ERNTEN EEwN A AN A EEREEER]
nr I ] [ ] R ERA AL EEE RN NN = & & & & k% % BN
3 L LR RN . NN LA ENEE AN EEN * = & % & k&% 3§
] LI L n AR EEREEESNEEEREREELLEN + = % v % 4 B 4 B &
= LI IR | M LT I B T e MR EE RN
L} - LI LI L L R EEEREEEEEE NS = & 4+ % % % % % b k&
] 4 4 % B E R R n L LN + EARAR R AN E NN
L} - LI | , LRI = v ¥ 117 =TT T LI "% R kR Y RN R
. m IEEREERERAR RS =l h S s ss am s 4+ % a 0 - - L
] -+ LI '
, IR EER R L]
L] 1 R R S Sl ™ s ey s -
I I L OO M O M W WM R R B R A% % s s s o
1 LY 4+ 4 + %" %W RN . '
L - IR R % %% s e 4 kR R Y s -
] L] LIEEXERLE N E]
, [ I T L e e e B e MM EE R R A+ T -
L] N RN 4 + + + 4 n b6k kRN
L -k IEEXERER NN
L] "R ER LI I L L I e e e R MR R E R4 A r T s 7T
1 [ + 4 + 4 + B B N NN ] [ LY
[ = kAR IEEREXREERLRR N LY + o+ 4 LI A RN A EE R LR RN
= AR 4 4+ h + AW BN ] " kA kT hmTTTLTT T + «~ AIEEREEERR] A E % EE
L] "R Y AR LA EERER B 4 B B+ + 4+ hToan A EAEREREEAREEREN
1 L] W h B+ + + T EE L L T T T T T 1 -+ EREEERERELERN
R Y RN L N I LI - -+ 4 % B % ok B kYWY AR EE
1 - E e R kR 4k B+ + 4+ AN L LI I SR 1+ 2 2 T - A AE AR EEER R
EEEEEEER L ] LEC L IR * L] r 4 % % % %W B R W WA YR RN
" A % AN R R A % ko + o R %2+ AT -+ -+ L EREEEREEREELRERR
AR EEEERLN] IR LI T R - - IEEEEEEEEERRER N
AR ] I L L L I I IR & b b E E E NN N RN .
AR R A EEE R N L] L R I = e e e e e e e M e
IR E RN IR W R A T T A AR ELERLE R LR
A RN R R A RN L]
R RN I ] T AT T T
AR AR A R AR T A EE E ]
I E R A AR R A A E N
AR AR R R E R E R EE ]
A A AR A E A E E E A
AR A A EE A A AR N
A AR E R LR R R N
. A AR A L E R R A R A EE
. % ch % B R W% YWY W EE A+
[ AR AR R R EE R
R kR kR R YRk R EY+ oA
] A AR R A R R A R A L
IR AR R E I
. A AR EE LR AR AR ER RN
AN AR R R N
A AA R R E R R T R R R
AR R L R N
W% N W B % R R R AW AW AR oA
AR R
] AR AR A A A L e
L RN RN R A A R A A R N
-m A AR L R R
R A AR AR N
----- L | A AR AR AR A I
----- R
= m B AR AT AL A I A A EE .
R R % BN % WY AW WY RN och W Wk ok oA
AR R E R L R R R A
HoEE kR R E R %R TR YU Ak R W+ FoA
BN R B % W% B R W R R R YWY Aok Rk oA+
A AR E L L L R R E R E R E L
A AN AR E L A R A R E R A E A
L W B E R E % %W W W W R W R W R A% kW ko
R R R R AR E R A EE R ]
TR AL A L A L E L E L A A E L A
I A A AR AR A EE R A E R A A R N
----- AR AR R E L LI E E L L E R L e
L RN TR % % W R R R RS EE WA
AR AR A L R A R A L R N
= E % % % % h %Y AR R YA AR YAN
AR AR AR AL A A L E E E A L
L RN ok ok kR R R YA YA YN
Ok kR EE %% AT RN RY R W AWk ok ok
EE Y E R R TR R W RN . A EREEEEEE L E R
L a .
- - L T T R D + + + + T % v v+t 1 % Er Ftowr hr ke kot hchhowr chhhch kA . LI L) A kR -
. I LB RN IR RN EEREENEXEEN CPUIL AL P L DAL N N AL DR L AL L L R YT EEER L IEL ] ] M E R
e PR B R R A R A T L | 4 v+ 1+ + + + + P AET FAEREN LI I 4 %" B B N 4 NN L L L LI | LI ' |
. L R 4 m o achom ok B - - wam ko P LI R LI A LY L | . . Lo
T T Ak LELIE LS A A LEL AL ] ll.:'l.‘l.:'ll. AL A R I.-'l. LR llilil'l.,._ln.'lh:'l..'l._t_ri.?l.ltll.l L ll._'.:'l.:l.:'l..' .'l. IIT'I..'II.:I.:'IIIT'IT'IT'I'II.I L

FIG. 17



U.S. Patent Dec. 1, 2020 Sheet 8 of 9 US 10,852,028 B2

\.‘\. =,
) “‘ ""."’.‘l."l.’l."h."-."."i.."-.w-h'-“

._'."h*’*'*"'*"'""fl‘ 'y o 'n.“'\.'\."."." '.

' cLhe- '“"‘."_'
O O L

N ﬁ ,'r'! " '-'“*‘-**“*“-“—“*‘-**‘w’;*‘ﬂ‘*‘h‘h‘h‘h‘*‘h**% e et : _mmxxmmxmxxwmmmmw“w

-, E ) Pt
. Il- |-. . . . . . ‘
f f'? : I‘F-E’-'E‘Em-h o -"-'F"p'n‘ﬁtt't.'.*-..*.ﬂ.v-.* g

e L - - - . .
T + « o= = e mm sy
L B I B ii-ill-l-i--l-q.q.

. .*f'{- e -_-_-_-_-:_-:_-:_-_-_-g-g-p,q,-_-._w_u_-_-_-_-_-._-,,_-.-;_-._q_-._-_ 1.1.'53.%.*.'L-L-!.-.-.-.-.ﬂ.-m.!.!ﬂ.“‘ﬂ;mt.x“mu

8

)

1
. -.
m
L

o
L]

qqqqq

N eeee T I ol
. Hmu.ﬁ‘hﬁ_. S e . S A A R IR

-\.ﬁt
" .

B

..!;'.;f ..-:ur-.-r.-.w.

a
- n

,.l-'.n'-r:.uw'lr,r,r.-.i

%
g

. -
Lo

AL

N s

".l‘

L) L] L] .
EEE SN AY Yot

O
%,
A
X

el

'm*-i.-.'.n'.-;a“ﬁim'u."..ﬁ.-..n.n.n.-\.ﬂhttﬁﬂnﬂﬂﬁnxﬁﬂ;-};\_ e AL L LR E LR L Lt e Ll L LR T

. RP

11111111111111

L N R v
».-h“q-"u.h"a.mh%ﬁ%ﬁﬁ“&hﬁh‘mﬁ“ﬁk‘-ﬁd&ﬁ'h‘n‘h‘ﬂn‘n‘m‘*:q‘?hﬂhhﬁ‘{lﬂ‘h—ﬂﬁ-ﬁ‘hﬂ‘."»‘h.";“ﬁ.ﬂ“.,’*—“;ﬂ“:.“""‘..""'.Z""'..""'..".. 'L"""c..""a."".'i.'ﬂfﬁ.'ﬂ.."ﬁ.“ .

L R B R |

ok _ .
e 7 - .
g :
el -

[ ] “TI :

S -f.}f{;*kf-'u

...............................

& -

FiG. 18



U.S. Patent Dec. 1, 2020 Sheet 9 of 9 US 10,852,028 B2

M Rt e i i T

AN -

______

L}

b . . - . . . . k - ‘e or - .
JCR I L e e e e . . - PR . o o < -..‘- - e I ' ‘h'.‘.h-i-l o
- +m . .- -.l -"-_.-‘.'-.,-.". ,-.---‘-‘-‘-‘-‘h.m.'h“ v , mi—‘-‘-x‘“"hk‘ir' - .| -. b o ‘..; LT b .\, "q . -
. - T ’ ’ : v .. L R .. o : . LT T L E
- _m‘:\.".‘\.'\. 1“\.““— ala she s sl e ! --:‘I.-.‘I.-.-.-;-. .'.-I-I-I.‘h‘i H“‘x“““‘m‘.‘k—h I e e e ok wwaa et ' T . \L ""hr
L oL . L s T T S T B " L e e :

e e e T R, R R A R A
....... R - R AN ™ A
R R e R T e e e e e e,

- '-..-'h.-"l.*'l.-\’h.-t: - ‘I.?'*‘I.:‘I.-‘I.-\"‘l-t-‘l:' t. i:ll. i:ﬁ_-:-. - l-_.| -‘-;-. LB B N B

. '
L B L
TTTT R

TN e

R

- . LT y . . .
Wiy rariidaiupiagan e e Y WYY Y VA R N N R NN Y i e S A AA R T

e

-I‘
B e ) T T e e T T e e e T T e e i i Lo i e e e e e e e e e e T I A e I e I I I i i T e e e e e e ey
e g T A A A L A L T A A AR T i R i s U AT

S,

Tl .'.l:."
'l-;-;1;1.'.11\'.\.\.-;-l-l-l-l-l-l-l-‘-;-l-L-;-.\.\'.\'.xxxxxt.-_-‘-.'-.-.-.-.-.-hl-..ﬁ\'.\.!.\.xxtx-..-.'.-..-.-.-‘-‘-.'-.-.w.\.\.\\.\.\w;n\;‘\.xxi;xx\lﬁ;t;ﬂ.\.!. . .\
. .

'.E,.1I l_‘;E.' ...... I. e l : : ; “_“ ! 1:‘1' .- : ! Lo, I::I:‘
- R ! I T .

il

b L
1+:I- "

] L]

!

P N

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

A R e T S R R R T

et

o gt
Pl = g )

Y.
"y .
1 -y h . i :
" ww mw mw w1 . . .- -
' A L L o o T L L e

-

F#*Eiyu%ms&xﬁ;" -
| | . s
' . ) T Lt .. L. . ..1.
f..‘.'- A § S

SR ~1.&%;-: R e

1
4

. ':';;
5 - [ S
t. :k "... n
X BN :

FIG, 19



US 10,852,028 B2

1

HEAT EXCHANGER BLOCK AND HEAT
RECOVERY VENTILATION UNIT
COMPRISING IT

The present 1invention relates to a heat exchanger block
and to a heat recovery ventilation unit comprising such a
heat exchanger block, for providing supply air, preferably
outside air or fresh air, to an apartment or parts thereof and
for removing return air, preferably exhaust air or used atr,
from said apartment or parts thereof.

Heat recovery ventilation units have been used for many
years 1n ventilation systems to recover heat from exhaust air
exiting a house or an apartment to the surrounding atmo-
sphere. A heat exchanger 1s used to transifer heat from the
exhaust air exiting the house or the apartment to the outside
air entering the house or the apartment. Such ventilation
systems comprise an arrangement ol ducts for transporting
air between selected rooms of an apartment (or house) and
the surrounding atmosphere. More precisely, such heat
recovery ventilation systems comprise ducts collecting
return air (used air) from the rooms, ducts for distributing
supply air (fresh air) to the rooms on the one hand, and ducts
for transporting exhaust air from the apartment to the
atmosphere and ducts for transporting outside air from the
atmosphere to the apartment. A heat recovery ventilation
unit 1s located at a crossing point at which the ducts of these
four air types meet. Consequently, such heat recovery ven-
tilation units comprise a supply air outlet, a return air inlet,
an exhaust air outlet, an outside air inlet and a heat
exchanger inside the unait.

It 1s an object of the mnvention to provide a heat recovery
ventilation unit which, on the one hand, 1s compact and
which, on the other hand, still allows enough air throughput
without requiring too much energy for driving the ventila-
tors 1n the unit and thus, without creating too much air flow
noise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 2 are a perspective view of an embodiment of
the heat recovery ventilation unit according to the mnvention.

FIGS. 3 to 4 are a perspective view of an embodiment of
the heat exchanger block according to the invention.

FIGS. 5§ to 17 show further features of the heat recovery
ventilation umt or of the heat exchanger block according to
the 1nvention.

FIG. 18 shows a left-handed heat exchanger plate.

FIG. 19 shows a right-handed heat exchanger plate.

The heat recovery ventilation unit 1 provides supply air
SA, preferably outside air or fresh air, to an apartment or
parts thereof, and removes return air RA, preferably exhaust
air or used air, from said apartment or parts thereof.

The ventilation unit 1 comprises a supply air outlet SAO
for establishing supply air flow communication with said
apartment, a return air inlet RAI for establishing return air
flow communication with said apartment, an exhaust air
outlet EAO for establishing exhaust air flow communication
with the atmosphere, and an outside air inlet OAI ifor
establishing outside air flow communication with the atmo-
sphere. In addition, the unit 1 comprises heat exchanger 2
having first air flow passages (not shown) and second air
flow passages (not shown) for transferring heat energy form
return air entering said first air flow passages and exhaust air
leaving said first air flow passages on the one hand, to
outside air entering said second air tlow passages and supply
air leaving said second air tlow passages on the other hand,
1s provided 1n the heat recovery ventilation unit. In addition,
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the unit 1 comprises a first ventilator V1 at a first location
within the ventilation unit 1, for transporting air through a
first air flow path AFP1 starting at said return air inlet RAI,
passing through said first air flow passages 1n the heat
exchanger 2 and ending at said exhaust air outlet EAO, and
a second ventilator V2 at a second location within the
ventilation unit 1, for transporting air through a second air
flow path AFP2 starting at said outside air inlet OAI passing
through said second air tlow passages 1n the heat exchanger

2 and ending at said supply air outlet SAO.
The first air flow path AFP1 and the second air flow path

AFP2 comprise internal air flow ducts.
FIG. 18 shows a left-handed heat exchanger plate LHP

comprising a plurality of parallel channels CHI,
CH2, ..., CHn defiming a parallel flow region PF of the heat
exchanger 2. The parallel flow region PF 1s a counter tlow
region between the air passing through the first air flow
passages AFP1 and the air passing through the second air
flow passages AFP2. The parallel flow region extends
between a first cross flow region CF1 and a second cross
flow region CF2 of the heat exchanger 2.

FIG. 19 shows a right-handed heat exchanger plate RHP
comprising a plurality of parallel channels CHI,
CH2, . . ., CHn defining the parallel flow region PF of the
heat exchanger 2. The parallel flow region PF 1s a counter
flow region between the air passing through the first air flow
passages AFP1 and the air passing through the second air
flow passages AFP2. The parallel tlow region extends
between the first cross flow region CF1 and the second cross
flow region CF2 of the heat exchanger 2.

The heat exchanger block 2 1s composed of a stack of
alternating leit handed heat exchanger plates LHP and right
handed heat exchanger plates RHP.

In the heat exchanger block 2, the first air flow passages
(AFP1) extending between the first opening region (O11) of
said first cross flow region (CF1) and the parallel flow region
(PF) are arranged at an angle (c11) with respect to the first
air tlow passages (AFP1) in the parallel flow region (PF).
In the heat exchanger block 2, the first air flow passages
(AFP1) extending between the second opening region (O22)
of said second cross tlow region (CF2) and the parallel tlow
region (PF) are arranged at an angle (¢.22) with respect to the
first air tlow passages (AFP1) i the parallel flow region
(PE).

In the heat exchanger block 2, the second air flow
passages (AFP2) extending between the first opening region
(021) of said second cross flow region (CF2) and the
parallel flow region (PF) are arranged at an angle (a21) with
respect to the second air tlow passages (AFP2) 1n the parallel
flow region (PF).

In the heat exchanger block 2, the second air flow
passages (AFP2) extending between the second opening
region (O12) of said first cross flow region (CF1) and the
parallel flow region (PF) are arranged at an angle (¢12) with
respect to the second air tlow passages (AFP2) in the parallel
flow region (PF).

In the heat exchanger block 2, the ends of the first air flow
passages (AFP1-CF1) included 1n said first opening region
(O11) define a first plane (E11) forming an angle (p11) with
said first planar wall region (W1), said angle (11) having
preferably a value between 65° and 85°, more preferably
between 70° and 85°.

In the heat exchanger block 2, the ends of the second air
flow passages (AFP2-CF1) included 1n said second opening
region (O12) define a second plane (E12) forming an angle
(f12) with said second planar wall region (W2), said angle
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(p12) having preferably a value between 55° and 80°, more
preferably between 65° and 75°.

In the heat exchanger block 2, the ends of the second air
flow passages (AFP2-CF2) included in said first opening
region (O21) define a third plane (E21) forming an angle
(p21) with said first planar wall region (W1), said angle
(p21) having preferably a value between 65° and 85°, more
preferably between 70° and 85°.

In the heat exchanger block 2, the ends of the first air flow
passages (AFP1-CF2) included in said second openming
region (O22) define a fourth plane (E22) forming an angle
(p22) with said second planar wall region (W2), said angle
(p22) having preferably a value between 55° and 80°,
preferably between 65° and 75°.

In the heat exchanger block 2, the individual flow cross-
section ((Q1) of tlow passages of said plurality of first air
flow passages (AFP1) 1n said parallel flow region (PF) and
the individual flow cross-section ((Q2) of flow passages of
said plurality of second air flow passages (AFP2) in said
parallel flow region (PF) gradually, preferably linearly,
decrease along a straight line (x-x) perpendicular to the
parallel air flow passages (AFP1 and AFP2) and from said
first wall (W1) to said second wall (W2) of the block.

In the heat exchanger block 2, the ratio of the largest
individual flow cross-section (Qlmax and Q2max) next to
the first wall (W1) and the smallest individual flow cross-
section (Q1min and Q2 min) next to the second wall (W2)
1s between 10/1 and 10/9, preferably between 8/1 and 10/9,
more preferably between 6/1 and 10/9, and most preferably
between 3/1 and 10/9.

The invention claimed 1s:

1. A heat exchanger block comprising;

a plurality of first air flow passages (AFP1) and a plurality
of second air flow passages (AFP2) adjacent said
plurality of first air flow passages for exchanging heat
energy between first air flows (AF1) passing through
said plurality of first air flow passages (AFP1) and
second air tlows (AF2) passing through said plurality of
second air flow passages (AFP2);

a first cross flow region (CF1) where flow passages of said
plurality of first air tlow passages (AFP1) and adjacent
flow passages of said plurality of second air flow
passages (AFP2) are arranged 1n crosswise relationship
with respect to each other, said first cross flow region
(CF1) having a first opening region (011) including
ends of said first air flow passages (AFP1) and having
a second opening region (012) including ends of said
second air flow passages (AFP2);

a parallel tflow region (PF) where flow passages of said
plurality of first air flow passages (AFP1) and adjacent
flow passages of said plurality of second air flow
passages (AFP2) are arranged in parallel relationship
with respect to each other; a second cross flow region
(CF2) where flow passages of said plurality of first air
flow passages (AFP1) and adjacent tlow passages of
said plurality of second air tlow passages (AFP2) are
arranged 1n crosswise relationship with respect to each
other, said second cross flow region (CF2) having a first
opening region (021) including the opposite ends of
said second air flow passages (AFP2) and having a
second opening region (022) including the opposite
ends of said first air flow passages (AFP1);

said first cross tlow region (CF1), said parallel flow region
(PF) and said second cross flow region (CF2) being
arranged 1n series along said first air flow passages
(AFP1) and along said second air flow passages
(AFP2), with said parallel flow region (PF) being
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located between said first cross tlow region (CF1) and
said second cross flow region (CF2) along said first air
flow passages (AFP1) and along said second air tlow
passages (AFP2);
wherein the total flow cross-sectional area of the first
opening region (011) and of the first air flow passages
(AFP1-CF1) 1n said first cross tflow region (CF1) 1s
greater than the total flow cross-sectional area of the
second opening region (012) and of the second air tlow
passages (AFP2-CF1) in said first cross flow region
(CF1); and the total flow cross-sectional area of the first
opening region (021) and of the second air tlow pas-
sages (AFP2-CF2) i said second cross flow region
(CF2) 1s greater than the total flow cross-sectional area
of the second openming region (022) and of the first air
flow passages (AFP1-CF2) 1n said second cross flow
region (CF2); and

wherein the individual flow cross-section (Q1) of flow
passages of said plurality of first air flow passages
(AFP1) 1n said parallel flow region (PF) and the 1ndi-
vidual flow cross-section (Q2) of flow passages of said
plurality of second air tlow passages (AFP2) 1n said
parallel tflow region (PF) gradually decrease along a
straight line (x-x) perpendicular to the parallel air flow
passages (AFP1 and AFP2) and from said first wall
(W1) to said second wall (W2) of the block.

2. The heat exchanger block as defined 1n claim 1,
wherein the first air flow passages (AFP1) extending
between the first opening region (01) of said first cross flow
region (CF1) and the parallel flow region (PF) are arranged
at an angle (all) with respect to the first air flow passages
(AFP1) 1n the parallel flow region (PF); and the first air flow
passages (AFP1) extending between the second openming
region (022) of said second cross flow region (CF2) and the
parallel flow region (PF) are arranged at an angle (a22) with
respect to the first air flow passages (AFP1) 1n the parallel
flow region (PF).

3. The heat exchanger block as defined in claim 1,
wherein the second air flow passages (AFP2) extending
between the first opening region (021) of said second cross
flow region (CF2) and the parallel tlow region (PF) are
arranged at an angle (a21) with respect to the second air tlow
passages (AFP2) in the parallel flow region (PF); and the
second air flow passages (AFP2) extending between the
second opening region (012) of said first cross flow region
(CF1) and the parallel flow region (PF) are arranged at an
angle (al2) with respect to the second air flow passages
(AFP2) 1n the parallel flow region (PF).

4. The heat exchanger block as defined in claim 1,
wherein the block 1s defined by a stack including a plurality
of stacked heat exchanger plates of two types, the shape of
the first type plates (P1) being complementary to the shape
of the second type plates (P2) and the first type plates (P1)
and the second type plates (P2) being arranged alternately
within the stack for defining said plurality of first air flow
passages (AFP1) and said plurality of second air flow
passages (AFP2) adjacent said plurality of first air flow
passages.

5. The heat exchanger block as defined in claim 1,
wherein the first air tlow passages (AFP1-CF1) and second
air tlow passages (AFP2-CF1) 1n said first cross tlow region
(CF1) have larger flow cross-sections than the first air flow
passages (AFP1-PP) and second air flow passages (AFP2-
PP) in said parallel flow region (PF).

6. The heat exchanger block as defined in claim 1,
wherein the first air tlow passages (AFP1-CF2) and second
air flow passages (AFP2-CF2) 1n said second cross tlow
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region (CF2) have larger flow cross-sections than the first air
flow passages (AFP1-PP) and second air flow passages
(AFP2-PP) 1n said parallel flow region (PF).

7. The heat exchanger block as defined i claim 5,
wherein said {first cross tlow region (CF1) and said second
cross tlow region (CF2) each have fewer first air flow
passages (AFP1-CF1, AFP1-CF2) and second air flow pas-
sages (AFP2-CF1, AFP2-CF2) than said parallel flow region
(PE).

8. The heat exchanger block as defined in claim 3,
wherein the ratio of the number of first air flow passages
(AFP1-PP) 1n the parallel tlow region (PF) to the number of
first air tflow passages (AFP1-CF1) towards the first opening
region (011) 1n said first cross flow region (CF1) 1s between
10/1 and 2/1.

9. The heat exchanger block as defined i claim 5,
wherein the ratio of the number of second air flow passages
(AFP2-PP) 1n the parallel tlow region (PF) to the number of
second air flow passages (AFP2-CF2) towards the first

opening region (021) in said second cross flow region (CF2)
1s between 10/1 and 2/1.

10. The heat exchanger block as defined in claim 5,
wherein the ratio of the number of second air flow passages
(AFP2-PP) 1n the parallel tlow region (PF) to the number of
second air tflow passages (AFP2-CF1) towards the second
opening region (012) 1n said first cross flow region (CF1) 1s
between 15/1 and 3/1.

11. The heat exchanger block as defined in claim 5,
wherein the ratio of the number of first air flow passages
(AFP1-PP) 1n the parallel flow region (PF) to the number of
first air tlow passages (AFP1-CF2) towards the second

opening region (022) in said second cross flow region (CF2)
1s between 15/1 and 3/1.

12. The heat exchanger block as defined in claim 1,
wherein said first opening region (011) of the first air flow
passages (AFP1-CF1) 1n said first cross tlow region (CF1)
extends between a first planar wall region (W1) of the block
and a first apex region (Al) of the block;

said second opeming region (012) of the second air tlow

passages (AFP2-CF1) 1n said first cross tlow region
(CF1) extends between a second planar wall region
(W2) of the block and said first apex region (Al) of the
block;

said first opening region (021) of the second air tlow

passages (AFP2-CF2) 1n said second cross flow region
(CF2) extends between said first planar wall region
(W1) of the block and a second apex region (A2) of the
block; and

said second opening region (022) of the first air tlow

passages (AFP1-CF2) 1n said second cross tlow region
(CF2) extends between said second planar wall region
(W2) of the block and said second apex region (A2) of
the block.

13. The heat exchanger block as defined i1n claim 12,
wherein the ends of the first air flow passages (AFP1-CF1)
included 1n said first opening region (011) define a first plane
(E11) forming an angle (311) with said first planar wall
region (W1), said angle (1) having a value between 65° and
85°;

the ends of the second air flow passages (AFP2-CF1)

included 1n said second opening region (012) define a
second plane (E12) forming an angle (312) with said
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second planar wall region (W2), said angle (312)
having a value between 55° and 80°;

the ends of the second air flow passages (AFP2-CF2)

included 1n said first opening region (021) define a third
plane (E21) forming an angle (21) with said first
planar wall region (W1), said angle (321) having a
value between 65° and 85°; and

the ends of the first air flow passages (AFP1-CF2)

included in said second opening region (022) define a
fourth plane (E22) forming an angle (322) with said
second planar wall region (W2), said angle ([$22)
having a value between 55° and 80.

14. The heat exchanger block as defined in claim 8,
wherein the ratio of the number of first air flow passages
(AFP1-PP) 1n the parallel tlow region (PF) to the number of
first air tlow passages (AFP1-CF1) towards the first opening
region (011) in said first cross tlow region (CF1) 1s between
8/1 and 4/1.

15. The heat exchanger block as defined 1n claim 9,
wherein the ratio of the number of second air tlow passages
(AFP2-PP) 1n the parallel tlow region (PF) to the number of
second air flow passages (AFP2-CF2) towards the first
opening region (021) 1n said second cross tlow region (CF2)
1s between 8/1 and 4/1.

16. The heat exchanger block as defined in claim 10,
wherein the ratio of the number of second air flow passages
(AFP2-PP) 1n the parallel tlow region (PF) to the number of
second air flow passages (AFP2-CF1) towards the second
opening region (012) in said first cross tlow region (CF1) 1s
between 12/1 and 4/1.

17. The heat exchanger block as defined in claim 11,
wherein the ratio of the number of first air flow passages
(AFP1-PP) 1n the parallel flow region (PF) to the number of
first air flow passages (AFP1-CF2) towards the second
opening region (022) in said second cross flow region (CF2)
1s between 12/1 and 4/1.

18. The heat exchanger block as defined in claim 13,
wherein

the ends of the first air flow passages (AFP1-CF1)

included in said first opening region (011) define a first
plane (E11) forming an angle (f11) with said first
planar wall region (W1), said angle (1) having a value
between 70° and 85°;

the ends of the second air flow passages (AFP2-CF1)

included 1n said second opening region (012) define a
second plane (E12) forming an angle (312) with said
second planar wall region (W2), said angle (12)
having a value between 65° and 75°;

the ends of the second air flow passages (AFP2-CF2)

included 1n said first opening region (021) define a third
plane (E21) forming an angle (21) with said first
planar wall region (W1), said angle (321) having a
value between 70° and 85°; and

the ends of the first air flow passages (AFP1-CF2)

included 1n said second opening region (022) define a
fourth plane (E22) forming an angle (22) with said
second planar wall region (W2), said angle ([322)
having a value between 65° and 75°.
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